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SECTION 1 INTRODUCTION 



*— 



IBM 2302 DISK STORAGE MODEL 1 AND MODEL 2 





2302 Model 1 has one 25 -disk module (designated 

Module 0). 

2302 Model 2 has two 25-disk modules (designated 

Modules and 1). 



and 



above 



can be thought of as a cylinder of tracks (Figure 1-1 4 

With 500 tracks per disk surface, the module is con- 
sidered to be 500 cylinders of 50 tracks each. A 
track is therefore defined as a certain portion of the 

cylinder lying on each surface. 




Each 25-disk module has 50 recording surfaces 




Each 25-disk module has two accesses 




addresses any of the 



and 



IBM 2302 Disk Storage is a high-performance 



magnetic 



My 



ease of maintenance and reliability 



state 



The 2302 



increases the random-access capabiliti 



IBM Data Processing 



two 



agnetic recording 



** 



modules. Each module has 50 r 

surfaces. These surfaces store format cont 

clocking control, and system data. 

Each module of disks is serviced by two 
mechanisms: one for the inside 
and one for the outside band of i 



band 



of 250 tracks. Each 

access mechanism is provided with a read/write 

head for each disk surface used; therefore, only 

horizontal movement of the heads is required to ] 



any 



the disks rotate 



heads, the vertically aligned 



form concentric cylinders of data. 



of the other access group. 



ten by the read/write heads of one 
cannot be read by the read/write heads 

The clock head is station 



ad/write heads are moved 



an electro-hydraulic device to any 
er locations of the access group. 



The heads 



are held close to the disk by a mechanical linkag 



and are supported by an i 

in a cvlinder is available 



Any 



CYLINDER CONCEPT 




Each module has 500 cylinders of data 



ADDRESSING 




Record addresses are stored with the record 




10,000 addressable data tracks are available 



per access group 





20,000 addressable data tracks are available 
per module. 

40,000 addressable data tracks are available 
per file frame. 



A record in the IBM 2302 Disk Storage can be identi- 
fied and located by its specific record address. This 
record address is stored as the initial bit configura- 
tion of any record. 



Since 



with 



are 10,000 tracks per access group 



flexible and 



The 



allows records of different lengths to be stored, 
function of the format track is to control the length 
and number of records of all the tracks in any cyl- 
inder; this function is similar to that of a program 
card on an IBM 24 Card Punch. There are 250 for- 
mat tracks per access group, one for each cylinder 
in the access group. 



DISK STORAGE CONTROL 




7631 controls up to five 1301s or 2302s. 



Data 



IBM 7631 File Control unit in the main Data 



Processing 



System. These units control, audit, 
and synchronize up to five 1301s or 2302s in any 
combination. 
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One of 500 
Cylinders 




Outer Access, 
Inner Access, 1 

250 Tracks Each 



Figure 1-1. Cylinder Concept 



SERVICE AIDS 



A 



20 Data Disks 
(40 Surfaces) 



3 Alternate Disks 
(6 Surfaces) 

1 Format Disk 
(1 Surface) 
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Access units that swing out for servicing 




Electronic gates that swing out to allow accessi- 
bility to all cards and wiring. 




A Field Engineering test panel with lights that 

indicate status and location of the access 

mechanism. 




Remote CE Box with Seek Repeat feature and CE- 

Write ability on track 250. 



Through the use of these service aids, the IBM 

Customer Engineer can: 




Manually operate the access mechanism and head 

selection circuitry. 




Vary power supply voltages to check logic cir- 
cuitry under marginal conditions. 




Read and write on the special CE tracks to check 
circuitry. 




Adjust to any one of the six prewritten clock 

tracks. 




Check hydraulic pressure at various points of 
the hydraulic system. 



\ 






\ 



N 



The IBM 2302 contains the following service aids: 




SMS-type plug-in printed circuit cards and 
gates. 




Standard NOR logic circuits with S-level 
signals. 




Standard NAND logic circuits with Y -level 

signals. 




Automatic and manual power-sequence controls 




Self -checking circuits within the power-sequence 
unit. 




Two special cylinders for Field Engineering use 
on each access group (inner for data checking; 
outer for mechanical adjustment). 




Six identical prewritten clock tracks on the 
clock disk. 



CAPACITIES 




Maximum IBM 2302 storage capacity is 
117,000,000 alphameric characters with one 
module, 234,000,000 characters with two 

modules. 




Each of the 10,000 track locations can store up 
to 4,533 7-bit characters or 5,850 6-bit char- 



acters. 




The 2302 Disk Storage increases the random 

access disk storage capacities of Data Processing 

Systems by 45, 330, 000 7 -bit characters or 
58,500,000 6-bit characters. 



FLEXIBILITY 




Variable length records on the track can be 
read and written under format control. 




Alternate data surfaces to replace impaired 

surfaces. 



NOTE: The illustrations in this manual have a code number in the 
lower comer. This is a publishing control number and is unrelated 

to the subject matter. 
1.2 




The track format can be altered by the pro- 
grammer. 



•s 




Record addresses can be sequential or non- 
sequential. 




Record addresses can be altered by the pro- 
grammer. 




Written data can be checked by "reading back. ft 



SPEED 




Access motion time is 50 milliseconds (ms) 

minimum, 180 milliseconds maximum. 




Rotation time is approximately 34 ms. 




Data transfer of a complete track can be per- 
formed in one disk revolution. 
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SECTION 2 DESCRIPTION 




The 
1. 



two 



2. 



A magnetic system for reading and/or 

writing of data. 

A positioning system for locating the read/ 

write heads at a specified location within 
the storage area. 



The principal components packaged in the elec- 
tronic frame are: 

1. The electrical power supplies that provide 

power to the electronic and power sequencing 

circuits. 

2. The servicing aids that provide the Customer 

Engineer with the facilities to manipulate the 




The magnetic system is composed of: 

1. The magnetic disk — the magnetic medium 

for the storage of data. 

2. The magnetic read/write heads — the ele- 
ment that reads or writes data onto or from 

the magnetic disk. 

3. The read/write amplifiers — the circuits 

necessary to control the signals to and from 

the magnetic heads. 



3. 



various file components and to diagnose 

difficulties. 

The power sequence circuits that time i 

power sequencing. 



4. The I/O connections. 

5. Read/write electronics. 

6. Actuator control electronics 




s 



The positioning system is composed of: 

1. The hydraulic actuator — the access mech- 
anism that moves the R/W heads to various 
locations on the magnetic disk surface. 

2. The hydraulic power supply — the oil pump 

that supplies the oil pressure to move the 

actuators . 

3. The solenoid drivers — the circuitry needed 

to control the hydraulic actuator. 



FUNCTIONAL CHARACTERISTICS 



These systems are packaged in two frames, one 
mechanical and one electrical (Figure 2-1). 

The principal components packaged in the mechan- 
ical frame are: 

1. The shaft motor that drives and supports the 



2 



3 



4. 



magnetic disks. 

The power contactor assemblies that d 

ute all input power within the file. 

The cradle assembly that supports the 

motor. 

A pressurizer that consists of an im 



to 



5 



6 

7 



and filter which sv _ _ 

disk array. 

An air compressor that operates the head 

loading mechanism. 
The magnetic disk array 



that mounts the 




ad/ 



heads 



8 

9 

10 
11 



r 



The hydraulic actuator. 
The hydraulic power supply* 
Power-input cord filter. 

The clock-head assembly; mounted stationary 

and adjusted to one of six prerecorded tracks, 



The Magnetic System 




Each of the two modules has 25 disks. 




40 magnetic surfaces are addressed by the 

access register. 




Each of the 40 data surfaces has 500 concentric 

tracks. 




Data is written in binary-coded-decimal form 




Each module has a format surface which has 
500 concentric tracks. 




Bit configuration on the format disk can be 

changed by the programmer. 




Six alternate (flag) surfaces are provided to 
replace impaired surfaces. 




Data format, and alternate surface read/write 
heads are moved in unison by the access 
mechanism. 




Clock head is fixed to the machine frame. 




Read/write electronics are composed of the read 
amplifier, write drivers, and head switching 

matrix . 
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Figure 2-1. Component Orientation 



The magnetic disks are arranged in two logical ar- 
rays of 25 disks each. Each group of 25 disks is 

called a module. Each side of the disk is coated and 

can be magnetized into bit patterns. 

Within a module, 40 of the 50 magnetic surfaces 



can 



magnetic 
surfaces 



ie 40 magnetic 

Data is recorded 



on these disk surfaces in 500 concentric tracks. 



Figure 2-2 is an 
tracks, addresses 



All data — 



c and special characters 
binary coded decimal (B 



One 



addressable bv a format line and 



referred 



The format sur- 



mechanism 



centric tracks, one for each cylinder. Each format 



configurat 



and the record 



address 



The system programmer can change the format 
disk configuration. 

Since the record and its address are stored to- 
gether on the data disk, the more addresses stored, 

the less room there is for data. 

The surface opposite the format is a spare sur- 
face and is not addressable. 

Six of the 50 magnetic surfaces are alternate 

surfaces, these alternate surfaces are addressed by 

a set of three flag lines. They are not addressed 
through the normal address lines and registers. 
These extra surfaces have been provided to ensure 

that each data bit is stored in a magnetically perfect 
media. 



Whenev 



disabled and an 



is specified. This alternate surface is given the 



disabled track's address. 



maximum 



and 
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Figure 2-2. Data Disk 
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2 or More Character Gap 



Address | 



Record 




Address 



Address 



Address 




1 15S16 | 



The use of 49 surfaces (40 data 

format, 1 spare, and 1 unused) is ic 



1 



the two modules 



remaining surfac 

two modules. In 



module, the lowermost surface is unused. In 

lower module, the lowermost surface is the cl 
surface. This surface is not addressable. 



Read/Write Heads 



The access mechanism has 40 data R/W heads, one 
format head, and from two to six alternate surface 
heads. The heads are part of a drawer-receiver 
assembly which is positioned by a hydraulic actuator 

The clock head is not moved by the positioning 



Portions of the read/write electro 

shared by all four accesses, therefore 
access can read or write at a time. 



system. 



mounted on the frame and 



man 



The Positioni 



Svstem 




R/W heads are all mounted to the receivers 




Receiver is moved by the hydraulic actuator to 

any of 250 data cylinders or two CE cylinders. 




Access time is 50 milliseconds (ms) to 180 

milliseconds. 




Hydraulic power supply has capacity for 20 
accesses per second. 



Read/Write Electronics 



The read/write (R/W) electronics are 
the read amplifier, the 
switching matrix. 



and the head 



matrix. The read amplifier and the writ 

driver, under control of the file control unit (FCU) 
and in conjunction with the selection of a magnetic 
head, cause the specified head to read data from tl 

disk or cause data to be written on the disk. The 

R/W heads are capable of operating at a frequency 



million clock and 



nanoseconds per bit). 

An SLT (Solid Logic Technology) ; 
attached on the receiver so that it is r 

heads thereby eliminating undesirable 



-amplifier is 
• the R/W 



magnetic R/W heads are mounted 

iver block and form a "comb-type 



The write drivers are installed in gates C and 
h are physically located between the vertical 



struts that mount th 



The location of these 



necessary to eliminate undesirable line 



interference 



mechanism. 



Each access mechanism is hydraulically driven 
to simultaneously move all heads horizontally to any 
one of the 250 data cylinders, or to the service cyl- 



m 



two service cvlinders (CE cylinders) are 



innermost 
tracks. A 



the movement 



head elements can be selected to read or write. 

The time required for adjacent track movements 



maximum 



maximum 



access time from one track location to any other 

track location is 180 ms. 

The hydraulic power supply, which provides the 
pressure to move the access, has the capacity to 
provide oil for a maximum of 20 access motions per 

second. 
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POSITIONING CONTROL 




Separate R/W and access controls for each 





One access can seek while another reads or 

writes. 



Each access mechanism has its own read/write and 
access controls so that one access may be in motion 

while the other is reading or writing. Accesses may 

move simultaneously, but cannot read and write 
simultaneously because all four accesses share some 



ad/ 



The access elec- 



: control the access positioning, select the 

head, maintain the assignment of each in 

ess mechanism, provide re zero control, 

manual access control for Customer Engi 



neering aids. 



LOGIC FLOW 




Eleven lines run directly between the FCU and 
each 1302. 




Data and control signals to and from the 
through a terminator and switching panel 




Panels A4, A6, B4, and B6 contain the access 
control for their respective access. 




Panels A3, A5, B3, and B5 contain the read/ 
write circuits for their respective access. 




Panels C2, C3, D2 and D3 contain 1 

drivers for their respective access 




Read amplifiers are available for data, format, 

and clock signals. 



Logic flow is illustrated on System Diagrams Page 
01.00.01.0. The logic functions are grouped into 
blocks and are referenced to logic sections and SMS 

panel locations. 

Lines entering and leaving the 2302 interface are 
located in the left vertical section of the diagram. 
Eleven lines run directly between the FCU and each 
2302* These are file read data (1), write data (1), 

format read data (1), clock A and B (2), attention 

status (4), module zero select (1), and module one 
select (1). All other lines to the 2302 are connected 
in parallel with other 2302s, 1301s, or similar de- 
vices. All lines and their functions are described 
under CONTROL LINES. 



I Data and control signals to and from the file p; 

through a terminator and switching panel (Al or Bl 
The address gates are the only input lines that are 

access. They are ter- 



module and 



minated in this panel and 

unit (ACU) panel. The cl 
in this panel. The clock 



read amplifier 



head signal is amplified 



each access. TI 

the system, sign 

the motion time. 



by module , and driven to the sy stem . 
•e is an ACU panel (A4, A6, B4, or E 

is panel accepts the address : 

lis the actuator to move, and 

It also selects the required 



indicated by the address. 

The read/write panel (A3, A5, B3, or B5) 
tains the read/write circuits for the data and f 

surfaces, solenoid driver cards, and motion n 
toring circuits under control of the ACU panel 
There is a read/write panel for each access. 

The write driver panel (C2, C3, D2, or D 



heads 



and M1A0) 



data 



mat amplifier, and a common format write driver. 
The accesses (M0A1 and M1A1) on the rear of the 
2302 also share a common data amplifier, a common 
format amplifier, and a common format write driver 

Each module has a read amplifier for the format 

A simpler amplifier is used in the clock circuit to 

supply a clock signal for both modules. 

2302 timing pulses originate at the clock, and at 

the two sets of index heads. The amplified clock 



are 



All file data timing 



done in the FCU. The index heads 



and 



actuator 



by solenoids which are driven by lines from the ac- 
cess register. The other hydraulic inputs consist c 
the hvdraulic detent and rezero controls. 



CONTROL LINES 




The control lines consist of coaxial or twisted 
pair cables which link the 2302 to the FCU. 



2302 Control Lines From FCU 



Module and Access Select (01.01.01.1 and 

01.11.01.1). These four lines select the specific 
access that is to be used. 



Head 



and 



01. 11.01. 1). This line provides a set pulse to 

the access register sated data into the head por 



flag 



2.4 
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/ 



and 



Access Register Cylinder Address Set (01, 01. 01. 1 

01.11.01.1). This line provides a set pulse to se 



the 



access 



Set Access Inop (01.01.01.1 and 01.11.01.1). 



This line allows an access to be set Inop from the 

system. 

Head Select (01.01.01.1 and 01.11.01.1), This 

line allows the head portion of the access register 

to select a head. 

Write Gate (01.01.04.1 and 01.11.04.1k 



This 



that 



formed 



Erase Gate (01.01.04.1 and 01.11.04.1). This 
line specifies that an erase operation is being per- 
formed and will always follow the write gate. Lack 

of an erase gate signal on this line puts the 2302 

into read status. 

Store Format (01.01.04.1 and 01.11.04.1). This 
line allows format data to be stored on the format 

disk. However, the format key lock-switch must be 

turned to Write position of the selected module before 

this line can function properly. If Store Format is 
not selected, Format Read is operative. 

Access Register Gates (01.01.03.1 and 

01.11.03.1). These sixteen lines gate the input to 

the access register latches. A track or head register 

set then turns all gated latches on, all others off. 

Flag Condition 1, 2, 3 (01.01.05.1 and 
01.11.05.1). These three lines select an alternate 
surface head. These lines are not binary coded but 

are additive (i.e., flag condition 3 selects alternate 

surface 3, flag conditions 2 and 3 select alternate 
surface 5, etc.). (Flag 3 is selected by F3 not Fl 
and F2.). 

CE Sync from System (01.01.05.1 and 
01.11.05.1). This is a CE unidirectional convenience 
line from the system to the CE test panel in the 2302. 

Write Data (01.01.02.1). This line carries the 

actual data pulses used to record data or format on 

the 2302 disks. 

Start Stop Sequence (01. 5( 
picks the remote stop relay to 
sequence operation. Dropping 



This 



Dropping this line starts tib 
stop sequence. This line is not shown on 01.00. 

Emergency Off (01.50.14.0). This line is 







activated to pick the Emergency Off contactor. Open- 
ing this line at any point will immediately disconnect 
all ac and dc power. This line is not shown on 

01.00.01.0. 

Dc Remote Control (01.50.13.1). This line is 

activated to pick the dc remote relay allowing elec- 
tronic dc power to be applied to the 2302. Opening 
this line at any point while the heads are loaded will 



immediately disconnect electronic dc power. This 

line is not shown on 01.00.01.0. 

Power On (01. 50. 13. 0). This line picks the 
mainline power contactor of the first 2302 and auto- 
matically activates the power-on sequence to all other 

"on-line" files. 

Power On Sequence ac Common (01. 50. 14. 0). 

This line is the common return between the system 

and the 2302's for the power -on and emergency -off 
24 vac signals. 

Machine Reset (01. 01. 01. 1 and 01.11.01.1). This 

line resets the Attention Status latches in the 2302. 

Process Time (01.01.08.1). This line indicates 
that the file is fr being used" by the system and is used 
to drive the 2302 process-time meter. 



two 



2302 Control Lines to FCU 

Clock A and B (01.01.01. 1). These 
the amplified clock signal to the system. 

Mod Ace 0, Mod Ace 1, Mod 1 Ace 0, and 
Mod 1 Ace 1 Attention Status (01.01.05.1). These 
four lines indicate that the specific module and acce 

selected have completed a seek that was initiated by 

a cylinder set from the FCU. 



Data 



This line carries 



Read 



Read 



This line 



carries amplified Format Read data pulses. 



and 



that the 



for use. 



Earlv Index 



This line carries the 



Early Index transducer 



Late Index (01.01.06.1). This line carries 

amplified signal from the Late Index transducer 



the 



Read Safety (01.01.04.1 and 



This 



safe 



and reading are being met. 

Write Gate Safety (01.01.04.1 and 01.11.04.1). 

This line indicates that all conditions for safe writing 
are being met. 



CE Sync to System (01.01.05.1 and 01.11.05.1). 



This is a CE convenience line from the 2302 CE test 
panel to FCU. 

CE Cylinder Located (01.01.07. landOl. 11.07. 1) 
This line indicates that either of the CE cylinders 

has been located. 



Indication (01. 01. 01. 1 and 



1) 



the 



the file is not ready, < 

Power On to Next 



line 



starts the next file start sequence 



»r iginat ing 



line is not shown 



2.5 



% 
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Figure 3-4. Receiver Assembly 









arriage 



the receiver to swing out for easy inspection and 



erv 



Two 



during normal operation. 



Inner 
Cylinder 



Outer 
Cylinder 



etaining pin cannot 



close the interlock switch unless the receiver is 

the carriage in the normal operating 



200 



position. 

The carriage ass 
ator slave piston rod. 

yoke which in turn is connected by tie-rod to the 
carriage. In this manner the motion of the actuator 



od 






2 c 



■i 



Carriag 



carriage 



ator housing. An accurate vertical surface is 

machined on the carriage to seat the receiver asse 
bly in relation to the disks. The arm stiffeners 
position the arms in relation to the gaps between th 
disks, and maintain the relationship of the arms to 
the machined surface of the drawer assembly. 



150 
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Figure 3-5. Head Flying Characteristics 
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Torsion Rod Assembly 



Head-rArm Assembly (Top) 



Head- Arm Assembly (Bottom) 



Printed Circuit 
Board 





Beam Assembly 



Retaining Rod 
Guide Hole 



Drawer Frame 



Washer 



Clip 



15522 



Figure 3-6. Drawer Assembly - Exploded 
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Figure 3-7. Drawer Assembly 
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drawer are loaded by twist 



bar. The 24 berylliu 



rods in one receiver are act 

of a linkage in the head load 



nkage by an air actu 



operated 



Loss of the air supply collapses 



un- 



loads the heads 



twisted 



350 grams. This nominal load 



head 



heads 



loaded while the actuator is in motion. 



Crank 



Heads Loaded 

Microswitch 



Microswitch 
Adjusting Screw 



Coupler 



Drawer 
Retaining 



Heads Unloaded 
Microswitch 




Air Solenoid 



Return Spring 
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Figure 3-8. Head Load Mechanism 
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Figure 3-9. Compressed Air Supply 
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SECTION 4 HYDRAULIC SYSTEM 



HYDRAULIC POWER SUPPLY 



Operation 




The hydraulic power supply furnishes the consti 

oil pressure required for operation of the actu- 
ators. 




The hydraulic power supply has the capacity to 
provide oil for a maximum of 20 random move- 
ments -per- second of the four hvdraulic actuatoi 




Hydraulic power supply is turned on during 

power-on sequence. 




Two pumps on a common shaft are used. 




Correct oil temperature is maintained by an oil 
cooler and thermal valve. 



Description 



/ 



Each access mechanism is hydraulically actuated and 
moves the receiver assembly and all heads horizon- 
tally to any of the 250 cylinder positions in the access 
group. After movement has been completed, the 
head elements of the module are normally activated 
by electronic switching. 

The components of the hydraulic power supply 

(Figure 4-1) are indicated in the following list: 

1. Three horsepower, three phase, 208 v to 

240 v, 60 cps induction motor. 

2 . Tandem oil pump supplying approximately 

two and four gallon per minute (gpm) de- 



3 



4 



liveries from its primary and secondary 
section. 

Accumulator (located at the hose sub- 
manifold) . 

Manifold . 



5. Sump. 

6. Oil filters. 

7. Drip tray. 

8. System pressure regulator. 

9. Low pressure regulator. 

10. Float switch. 

11. Over temperature switch. 

12. Temperature controls. 

13. Sump oil lever indicator. 

14. System pressure gage and manual shutoff valve 

15. Cooling system gage. 

16. Oil cooler. 



The hydraulic power supply is located at the 
bottom of the mechanical frame directly below ti 

vertical strut that mounts the actuator (Figure 4- 

The following hydraulic and electrical conne 

to the hydraulic power supply are required: 



1. 



output port and a sump return 



in a common disconnect 



2. Bleeder lines, one from each actuator 

3. An electrical cable. 




relief valve. 



controlled by an adjustable 



Figure 4-3 illustrates the major power supply com- 
ponents and functions. The actuator assembly is 

shown enclosed in broken lines. 

The motor is switched on during auto -start se- 
quence shortly after the disk array reaches operating 



speed, 




•it 



remains running during normal operation. 



The motor is switched off manually during auto- 

stop sequence, or is turned off automatically if the 

oil temperature exceeds 130° F or if the oil level 

drops below the required limit. There is also an 

overload switch in the motor circuit which turns off 
the supply. 



•Jit 



The motor armature and the two and four 
pumps are on a common shaft. The oil inputs to 
both pumps come through a common strainer from 



the sump 



pump outputs flow through the 



rate check valves to the oil filter and actuator. The 
oil filter output branches to the actuator and high 



pressure relief valve. 



branch line from the 



four -gpm pump connects to the warm up and transfer 
valve. 

The oil cooler thermal valve is operated by a 
thermal element. The valve normally channels the 
four gpm output through the oil cooler. If the oil 
temperature drops below 123° F. , the thermal ele- 
ment closes the thermal valve which forces the oil 

through the low pressure relief valve to sump. As 
the oil heats up, the thermal valve opens and the 



again f unctions 



cooled 



through a radiator in an air stream supplied by the 

hydraulic power supply motor and fan. 



1. 
2. 

3. 



are three oil filters in the system 

40 -micron sump strainer filter. 

two -micron system paper filter. 



filter. 



m combination paper and 



adjustable system pressure relief valve 
a high pressure relief to sump. 



4.1 



\ 









1 Page Revised 10/25/65 






Paper 
Filter 



Mechanical 
Filter 



Motor 



System Pressure 
Relief Valve 



Low Pressure 
Relief Valve 



Actuator 



Filler 



Manifold 



Oil Level 

Switch 



Fan Housi 







Level 
Sight Gage 
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Figure 4-1. Hydraulic Power Supply 



The float switch closes at proper oil level turning 
on an indicator on the CE panel. 

The manifold supplies the necessary communica- 
tion ducts between external ports and internal com- 
ponents. It serves as a mount for the serviceable 
and adjustable components of the system. 

The sump is open to atmospheric pressure and 
acts as the reservoir for system oil. 

The sump pressure regulator check valve is not 
adjustable and is located in the common sump return 
line at the sub-manifold. It maintains the sump line 
pressure at approximately 5 psi to prevent oil drain- 
ing from the actuator. 



The manual valve is closed to check system 



pressures 



manual 



ar and 



a bleed orifice to drop accumulator pressure when 
the hydraulic power supply is turned off. 



HYDRAULIC POSITIONING SYSTEM 





The hydraulic positioning system consists of the 
glob adder and piston adder systems enclosed in 
the actuator assembly housing. 
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Figure 4-2. HydiauUc Power Supply in Servicing Position 




the 



The 



shaft to one of 250 tracks. 



balance 




and 



trically operated valves. 






Description 



There are two actuators for each of the two module 



The actuator rod 
carriage ways, 
the heads toward 



Retraction of the actuator shaft drives 



inc 



40 



? 



3 piston adders supply the 1, 2, 4, 4 f , and 
arts, and the glob adders supply the 20, 40 
rT , and 100 increments, 
icial combinations of piston adders and glo 
are used to develop the remainder of the i\ 



crements (Figure 4-4). 



picked by solenoid driver circuits. Hydraulic 
is obtained by using a single pressure differential 
force on opposite ends of the pistons. The glob adder 
moves the actuator shaft within its cylinder to any 
combination of physical track positions, 20, 40, 100, 
and 200. The actuator shaft can be detented at 20 
track increments. The piston adder moves the en- 



actuator shaft and cylinder with 

between 



The piston adder requires no detent because it is a 



locating 



Actuator 




itor is a self-contained devi 
and consistently positioning 



on a desired track. 
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Figure 4-3. Hydraulic Power Supply - Functional Diagra 




Three hydraulic connections from the actuator to 
the hydraulic power supply are required: system 
pressure (550 psi), sump return (5 psi), and an 
air bleed line. 




30 access control electrical connections are 
required by the actuator. 



The actuator consists of a hollow casting containing a 
set of five glob adder cylinders and five pistons with 
matching control valves, a set of five piston adder 
assemblies with matching control valves, a shuttle 
valve, a detent with its operating piston and control 
valve, a slave cylinder and piston (actuator shaft), a 



pressure regulating valve, and a detent detector 
Each glob cylinder has a return bypass check va 

on each end. 

Three connections from the actuator to the 1 



draulic power su 



ti 



equired: 550 psi, sump 



and an air bleed line 



There 



(Figure 4-5), 5 pair for the piston adder 



the 



• I 



adder 



the detent solenoid, 1 pair for the rezero solenoid, 
and 3 pair for the detent detector (three coils). 

The actuator is mounted on a vertical strut along 



the 



The inside face of the housing 



bolted against the strut. The 550 psi line and the 
sump (5 psi) line enter the back of the actuator through 



in the strut. The air bleed line is c 



I III 



Lected 
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2302 Hydraulic Actuator 
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Glob Adder 



D3B8 D2B 



W//////A 



W/////A 
W/////A 

W///A 
W/////A 
'W/////A 



/ 



W///////A 



Each of these groups 
uses the same piston 
adder sequence that 
is used to address 
cylinders through 
19. 



W/////A 



W//////A 



W//////A 



/> 
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Figure 4-4. Hydraulic Adder Decode Chart 
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Figure 4-5. Hydraulic Actuator Solenoids 
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The detent has two functions: 



1 



2 



To lock the slave piston and cylinder 

together at the end of the glob stroke, 
and to correct for slight overshoot or 

undershoot of the piston rod. 

To allow recalibration of oil in the slave 

cylinder* 



slave cylinder. 



rted through a hole in the 

ovement is controlled by the 

actuated bv the detent control 



valve. As long as the detent valve solenoid is picked, 



tent is seated. 



igure 



released position. 



can be seen that 



blocked in the valve and that the 

open to the sump. System press 



to the top lid. The outer face is machined flat with 3 t Glob adder control 

a V groove along the top and bottom edges to support 4. Actuator rezero 

a sliding carriage. This groove is called the carriage 5 # Piston adder control 

way. The receiver assembly, including the heads and 

arms, is mounted on the carriage. The actuator shaft Detent and Regulator (Figures 4-6 and 4-7) 

is connected to the carriage with an adjustable yoke 

and two flexible rods, and is extended and detented in 

the outermost detent notch when the heads are over 

the outer cylinder (00). 

The actuator shaft is an extension of the slave 

piston within its slave cylinder. The slave piston 

moves to the left (viewed from the front of the ma- 
chine) whenever a glob solenoid is picked, and moves 

to the right when one is dropped. The distance moved 

(in increments of 20 tracks) corresponds to the 

amount of oil added or subtracted to or from the 

slave circuit by the glob adders. When glob move- 
ment is complete, the detent piston engages the de- 
tent in one of the 13 circumferential grooves on the 

slave piston. 

The entire slave cylinder and detent assembly is 

moved to the right or left in its floating sleeves by 

the piston adders. Piston and glob adder motion may 
be simultaneous. Piston adder motion is opposed by 

a bias piston with a system pressure of 550 psi. 
System pressure also biases the slave piston shaft. 

The area of the piston adder bias piston is one- 
half the pressurized area of the piston adders and 

the pressurized area of the shaft end of the slave 
piston is one-half that of the head end. These area 

differences give the force differences necessary for 
effective bias. The detent piston and cylinder as- 
sembly is stationary. The head of the detent slides 
across the face of the detent piston as the piston ad- 
der expands or contracts through maximum movement. 

Oil Pressure and Circulation System (Figure 4-6) 

The hydraulic power supply maintains 550 psi to the 

following points: 

1. Rezero valve 

2. Slave piston bias 

3. Piston adder bias piston 

4. Piston adder control valves 

5. Glob adder control valves 

6. Detent valve 

7. Pressure regulator 



and the 



the slave piston, through 



head, and into the 

sealed on the left < 



The 



This 



the detent and detent piston out when the 



connected 



The difference in 



between the detent and 



piston allows this bias to be overcome when the 



sure 



The slave piston may overshoot or undershoot the 

selected position by as much as 0.015", with some 

vibration in this range. The 2302 electronics allow 
about 36 ms to 45 ms for the detent to settle down to 
a ±0.0001 "vibration, peak-to-peak, after de tenting 
and before a ready signal is generated. 

A detent detector is located in the detent piston 



shown in Figu 



shaft 



the hollow piston has an iron tip that moves through 

three coils, providing magnetic coupling and signaling 

when the detent is in or out. 

During the detent release operation, no oil should 



This 



8. Shuttle valve 



be forced into or out of the slave circuit. 

happen if the detent came out before the 300 psi 

regulated pressure is disconnected in the shuttle vi 

Therefore the shuttle valve must move first during 

a detent release sequence. When the detent valve 



equired in the 



circuit. The shuttle valve requires a regulated 

psi bias which is supplied by the regulator valve 

There are five basic oil flow circuits: 

1. Detent control 

2 . Regulato r 



he line to su 

valve to the 



the 



it cuts off the regulated pressure to the 
and builds a pressure in the line to the 



and 



This pressure is sufficient to delay the 

je until the shuttle valve has completed 



■■■ 
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Figure 4-6. Hydraulic Positioning System 




I 





550 ps 




Figure 4-7. Detent Control 



Shuttle Valve 




I 15409 



its stroke to the left and completely cut off the 300 
psi to the slave circuit. Ideally, the shuttle starts 
its motion before the detent begins to move, thus 

allowing enough time for the operation. Another func 



ti 



the shuttle valve is to supply oil to 



the slave circuit after detenting has been accomplished 
When the detent is driven in under pressure, the 



le valve is pushed to the right and cuts off the 
adders and connects the regulated 300 psi to the 

3 cylinder. 

The regulator valve (Figure 4-8) has two func- 



tions : 

1 



the 



2 



slave cylinder after "detent in" in the 
of minor leakage in the actuator. 
To balance the forces on the slave pis 
when detenting. 



The difference in area between the two enc 

the pistons was calculated to give the 300 psi o 

In the position shown in Figure 4-6, the output 

balanced against the right-hand 



input. If the output 
drops, the piston moves to the left and 



another 550 psi input 



the output increases 



the piston moves to the right and drains some oil to 

the sump until the pressure decreases to 300 psi then 
the sump is cut off. The piston is continually oscil- 
lating to maintain this 300 psi. 



227-5863 (2/65) 



4.7 




Slave Cyl 
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Figure 4-8. Regulator Valve 



can 



igure 



1. 



solenoid is picked, closing 

and applying 550 psi to the 



and 



tU-M *' 



2. 



the 



bias, seats the detent while the 

moves to the right, disconnects 
adder line and connects the reel 



cylind 



3 



the 



through 



(This is necessary 



any leakag 



4 



The detent detector signal 



The detent release sequence is as follows: 

1. The detent solenoid is dropped. 



2. The spring returns the valve, cutting off 

550 psi and opening the detent and shuttle 

valves to the sump* 

3. The shuttle valve, biased by 550 psi, begins 

its stroke to the left, disconnects the 300 psi 

from the slave cylinder, and connects the 

glob adder line. 

4. Detent bias pressure drives the detent out, 

5. Detent detector indicates detent out. 



Glob Adder Functions (Figures 4-6 and 4-9) 



The five glob adder cylinders are shown in the "pres- 
sure to cylinder" condition with 550 psi connected to 

the bottom of the cylinder by the glob adder control 
valves. The shaft is fully extended within the slave 
cylinder. The control solenoids are all dropped. 

When one is picked, 550 psi is cut off and that glob 

cylinder is switched to sump. After the detent re- 
lease sequence, bias pressure on the slave piston 

moves it to the left, moving oil in the slave circuit 
through the shuttle valve, through the upper return 
bypass, and into the cylinder, forcing the piston down. 

The lower bypass return check valve closes and oil 
leaves via the plant-adjusted needle valve. The needle 
valve and tapered slots cause the required damping at 
the end of the stroke. Similar damping action occurs 
when the cylinder is switched to pressure and the 
piston moves upward. When a control solenoid has 
been energized and is then dropped, the sump is cut 
off and 550 psi is switched in. After detent is re- 



the 



moving 



through 



alve and overcomes bias pressure on the 
and moves it to the right. 



40" 



100 



40' 



40 




Control 
Valve 



Control 
Valve 




Control 
Valve 



550 psi 



Figure 4-9. Glob Adder Control 



Control 
Valve 



Control 
Valve 
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550 P*' 




Shuttle Valve 



550 psi During Rezero 

(Glob Control Valves Dropped) 



Actuator Shaft 




Figure 4-10. Actuator Rezero 

The valves of the \ 



and 



left. The 



tracks that will be passed by the heads when the 



The 



•esponding glob solenoid is picked. 

and 100 are picked together to give 200. 

There are five glob adder control valves that are 



hydraulically biased, and solenoid conh 
dropped condition, 550 psi is connected 
cylinders and the sump is blocked; the 



hi 



true in 



The solenoid action is 



assisted by hydraulic pressure. 
Rezero (Figures 4-6 and 4-10) 

If a small amount of air accumulates in the slave 
circuit, or if the glob adder gets out of step with the 
slave piston, the problem is corrected by the rezero 
circuit. Rezero occurs automatically during a power 
sequence ON. Rezero also occurs any time the inner 
CE cylinder switch condition does not agree with the 
access register or when an invalid address is recog- 
nized or when the access fails to "arrive" at a speci- 
fied cylinder within the allotted time. Rezero causes 
the oil to circulate through the slave c ircuit thereby 
removing air bubbles and recalibrating the quantity 



1 in the slave cylinder. 
When rezero is initiated 
med and the rezero soler 



The 



until the globs drop, then the 




To Sump (After Bleed Is Open At Full Extension) 



15530 | 



released. The rezero valve connects 



slave circuit. 



i pressure exerted is enough t 

the slave piston bias, causing 



drift at a controlled rate to a 0.030" over-travel posi- 



the 



inder). 



this point, a system pressure bypas 



to the 



can 



the left of the detent in Figure 
the fluid to pass through the de 



This port 



and out to sump return 



service 



detenting 



it forces the actuator to the 

r port. The rezero solenoid 

and the valve is spring returned, closing 



the 



all ports. 



Piston Adder Function (Figure 4-6 and 4-11) 



The five piston adders are physically plac 
end in the same cylinder. They normally 
together to provide actuator positions of 19 -track 



function 



increments 



The 



and 



move 



an adjoining 



the maximum piston adder 



therefore 



piston) can be accomplished within 



Lston adder 
the ten 
A 550 -psi 



supplied to the interior of the 
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Figure 4-11. Piston Adder Control 



adder 



that 



Assemblies 1, 2, and 10 are identical in struc 

ture. The 4 and 4 f assemblies are identical and ea 
contains internal ball check valves. The 4 capsule 

is cutaway in Figure 4-6 to show detail. Oil flows h 
these pistons through the bottom port and out the to 
Structural details of the ports, that are not shown 
in the illustration, restrict the flow of oil as the in 
ternal member approaches either maximum positic 



thereby causing 

justable. Each 

a sliding cylind< 



damping. This damping is not ad- 
capsule assembly is a piston within 

jr. When pressure is applied to the 



core, the piston (inner member) protrudes beyond 

the cylinder (outer member) pushing the cylinder and 

all other assemblies on its right to the right. This 
motion is transmitted to the slave cylinder assembly 

and the actuator shaft by the detent assembly. 

When a control valve solenoid is picked, the 550 
psi to the expanded piston is cut off and the sump 
path is opened. The piston adder bias piston pres- 
sure then collapses the selected piston, and the 

actuator shaft moves to the left. In the dropped 

condition, as shown in Figure 4-6 for piston one, 
550 psi is applied and the piston overcomes the bias 

and expands one track position. 
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SECTION 5 CIRCUIT INTRODUCTION 




Standard SMS NOR and NAND logic is used 




Systems diagrams are divided into sections by 
panel designation. 



Functional descriptions of the SMS cards used in the 



02 are included in the 
the system diagrams, 



information 



cerning electronic, diode, and transistor theory can 

be found in the following IBM Field Engineering 

Manuals of Instruction: Transistor Component ( 



Transistor Theory 



tion (Form 223-6783), Transistor Theory Illustrated 

(Form 223-6794). 

The 2302 logic circuitry is standard SMS NOR 

logic using S-level (0 v high -12 v low) signals and 
NAND logic using Y-levels (0 v high, 6 v low) signals. 
Various other logic blocks and levels are used for 
read/write, line drivers, and other special operations 

The terms "trigger" and 'latch" are generally 
used synonymously in this manual and throughout 



IBM. These terms are not normally 

designate the actual type of componei 



For example 

system diagi 
X. The i 



The systems diagrams are div 

by panel designation (Figure 5-1). 

panel 1 in gate A is panel Al. The 

for this panel are in section 01. 01. XX 

tern diagrams for panel A5 are in section 01. 05. XX 

The system diagrams for panel Bl are in section 

01.11.XX.X., etc. 

Most of the descriptions in this manual are 

written for a single module machine. 

Panels A3, and A4 in a dual module machine 

are the same physically and logically as panels A5 
and A6 respectively except in the rare cases that 



equired 



that 



>t duplicated (e.g. , data read amplifier and 

t read/write circuits) are in panel A5 becaus 
the panel associated with the first module in 



stalled. Panels 



B4. B5. and 



'mirror" images of panels Al, A3, A4, A5, and 

irely, except in the rare cases that duplh 
are not required (Figure 5-2). 



01 • 0. 00 . 



r 



r 




MACHINE 
DESIGNATION 

01= 2302 
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Figure 5-1. System Diagrams Page limbering 
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Figure 5-2. Locations 
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SECTION 6 TIMING 




Basic timing in the 2302 is generated from two 
sources, a clock track on the clock disk and an 
index stud on the format disk. 



CLOCK 




The clock-track pulses are prewritten at the 
plant and are controlled during writing 

crystal oscillator and counter. 

o.i Rift nvr»1fi« lor 43. 020 clock b 



All 




Read and write bit time s are synchroniz ed 1 
the File Control Unit and referenced to this 
prewritten track on the clock disk via the fc 
mat track. 



Because the clock tracks are 



ariati 



• II 



results in a change in 



frequency* This ensures that write data is always 



with the 



Read data is synchr 



• i 



Variable Frequency Oscillator in the 



unit 



the 



i 

The clock track is read by a single read head 
ted on the rear of the machine at the bottom o 
iisk array. This head is manually positioned 

- the clock track and is not moved by the accei 



mechanism. 



clock tracks (approximately 640 KC) are 

on the clock disk in a span of two inches. 

can position the clock head over any of these 



tracks . 



clock head reads the raw clock-track signal 



into a preamplifier (Figur 

through two linear am 



This signal is then 

fiers. This ampli- 



fied signal is ANDed with module one select or mod- 
ule zero select and driven to the system. Either 
module selected causes the clock signal to be driven 
to the system because there is only one clock for the 
two modules. 



INDEX 




Index indicates the physical beginning of the 



periphery 



in each module has a stud mounted in 
is the disk rotates, the stud passes 



two sensing heads (transducers) mounted about 1 m. 
apart in the disk array shield (Figure 6-2). It takes 
475 f*sec for the stud to pass from one sensing head 
to the other. Therefore, the late index pulse follows 
the early index pulse by 475 //sec. 

Early and late index pulses are ANDed with mod 

ule select because each module has its own index. 
The amplified and selected signal is driven to the FCU 
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Pre 

Amp 

3A 

01.01 




*Mod One Select 



*Mod Zero Select 




LA 
5A 



01.01 




LD 

6A 



Clock A* 



Clock B* 



01.01 



0.8 psec 




Data Bit Cell 



Clock Output to FCU 



0.8 usee 



6 (jsec 




h- 





Clock Frequency is 640 KC 

Recorded at 1790 RPM. 



0.8 u.sec 



15534 



Figure 6-1. Clock Read 



Index Stud 




Early Index 
Transducer 

01.05.02.0 




Late Index 
Transducer 




r 



Amp 
3G 



05.03 



Early Index 



M0 Select 



Late Index 




Ml Early Index 



M0 Early Index 



i 




M0 Late Index 



Ml Late Index 



OR 
3H 

01.06 



Early Index 



Alternate Revolution Drive 



OR 

3G 

01.06 



Late Index* 



| 15535 



Figure 6-2. Index Generation 
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SECTION 7 POWER CONTROL 





Input power to the 2302 is terminated in the 
power contactor panel. 

A power sequence panel is provided to integrate 
control of the power contactors and to maintain 
reliable operation of the file components. 



POWER CONTACTOR BOX (Figure 7-1) 





The 60-cycle power requirements of the 2302 
are supplied by a 208 v -230 v, 3-phase, 4-wire 

system. 

Inrush current during motor starting is 125 

amperes for a maximum of 35 seconds. 




Supply circuit must be rated for 60 ampere 

vice (70 ampere circuit breaker). 




Normal running current is less than 30 amperes 




Input is 7. 5 kva giving a 5-kw input wattage 
assumed power factor of 0. 65. 






Phase rotation is counterclockwise looking at the 

receptacle or clockwise looking at the plug. 

The input 60-cycle power line to the 2302 has a 
100-ampere, 3-phase line filter, in a series, at 

the file end. 

Input power control consists of 5 contactors 

(Figure 7-1). 



/ 



S 




Figure 7-1 . Power Contactor Box 
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Description 



When the main line 



The input filter is included to reduce high frequency 

line noise in the range from 150 kc to 10 mc. 

contactors (K2, K3, and 

i removed, except the power 

ii transformer, air compres 

ower supply. The power 



and 



start contactor (K5) removes all remaining 



transformer. The emer- 



contactor 



All 



The emer- 



gency-off contactor (Kl) is picked by a 24 v (Emer- 



Off) line from the system 



during normal operation. 



break in 



drop and turn 



dr 



shaft 



motor power. It is picked and dropped by 

»ower sequence controls during normal start an 

procedures. Line overload relays provide 

3d rotor orotection. and two internal thermal 



running i 

hut down 



Either 



activated. 



pump motor 



motor 



It is operated by the power se- 
12: normal start and stop proce- 



dures. Protective circuits have been inc 

in the form of line overload switches and 



temperature 



Either condition causes the oil 



down 



The electronic dc contactor (K4) controls the 
electronic dc. 

The power start contactor (K5) is picked by a 
power on line from the system. K5 controls the air 
compressor and 48 v relay power supply, the 
electronic gate blowers, and delivers 24 vac to the 
power sequence gate for file control. 



DC POWER SUPPLIES 




The dc supply control contactor is operated by 

the power sequence controls during normal 

start and stop procedures. 




The voltages generated in the 2302 dc power 

supply are 4£ v, -6 v, +12 v, -12 v, +30 v, 

-36 v, and -48 v. 




The +12 vac power supply has marginal checking 
facilities. 



Description 



typ 



fore, they are not described here in detail. IBM 

FE Manual of Instruction, 60-Cycle SMS Power 

Supplies (Form 225-6478-0) contains additional in- 
formation on this subject. 

The 48 -volt dc power distribution in the 2302 is 

divided and controlled as if it were two supplies. One 

for the operation of the actuator solenoid driver 

circuitry and one for the relay circuitry in the start 

sequence controls. 

The power supplies consist of transformers, 
diodes and capacitors. The primary voltage is step- 
ped down by transformers, rectified by diodes, and 
filtered through capacitors. The plug-in 

is easily accessible for maintenance. T] 



SMS 



output 



pedance of the power supplies is low enough 



the output c 
put voltage. 



regulat 



primary 



are 



common lines; none of the dc power supplies are 

referenced to each other. Individual circuit breakers 

are supplied for each output voltage and these are 

mounted on the power supplies. There are 15 blown- 
fuse indicators in the 2302, associated with fuses 

1 through 15 (Figure 7-1). Fuse Nos. 16, 17, and 18 
(spring loaded) are self indicating. 



POWER SEQUENCE CONTROLS 




The power sequence control panel (Figure 7-2) 
provides the facilities for starting and stopping 
the file during normal operation and ensures 
proper operation of file components. 




High temperature switches on cards in the gates 

open at excessive machine temperatures and set 

a dc fail condition. 




Detection of dc failure opens the dc power con- 
tactor (K4). 




Sequence control may be either automatic or 

manual . 




Manual control of power sequence has been pro- 
vided for CE manual start or component check* 




Blowers for cooling the gates are turned on by 
K5, 




Automatic control of power sequence is under 
control of a 4-minute timing device* 
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Figure 7-2. Power Sequence Gate 
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Normally, initiation of start on the first 2302 is under 
system control. Subsequent files, in remote control, 
are started on receipt of a timed pulse during the se- 
quencing of a preceding 2302, If an access in a file 



Op 



indicated 



Indicator lights are provided as servicing aids 

for the Customer Engineer. They indicate both 

normal and malfunction conditions as long as the line 

70-amp breaker is closed. 



Power Sequence Panel (Figure 7-2) 



All power sequence functions are controlled by and 
monitored at this panel. The red lights indicate un- 
satisfactory conditions. The white lights indicate 
satisfactory conditions. Normal sequence is indicated 
by the small arrow heads next to the lights. 



Auto Control Switch 



This switch selects the originating point of the start 



stop sequence signal 
the svstem. A local 



gnal 



ignal originates 



Start or Auto Stop switch on the 2302 power sequence 

panel. This switch must be in Remote position to 

operate the 2302 on line with the FCU. 



Sequence Control Switch 



Auto or Manual sequence is selected by this switch. 

Auto sequence puts all functions under control of the 

sequence timer. Manual sequence allows the CE to 
select the time and sequence for most functions. 

Damage to the heads or disks can result if the 
heads are loaded before the disks are at operating 
speed. To prevent this damage, the head load circuit 
is always directed through the timer 180-second con- 
tact. The disks and the timer, therefore, must run 
for 180 seconds before the heads can be loaded. In a 

stop sequence, the heads must be unloaded before the 

disk array is stopped. 



System Function Lights 



Remote Start and Remote Stop from the FCU to the 

2302, and Start Next File from the 2302 to the next 
file are indicated by these lights. 



Access Inop Lights 



If any access is put Inop, manually or automatically, 
the associated Inop relay picks, turning on the respec- 
tive Inop light. 



Access Inop Switches 



Manual operation of any of these switches causes an 



Inop 



Accesses that 



et Inop by any method can 

the Inop relays with these 



Auto Start Stop Controls 



Start and Auto Local Stop are initiated 



with the Auto Start 



Start 



an 



comes on with the pick of R10 during 
secmence. The timer liffht is tied in 



»i 



parallel with the timer motor and 



i is power to the timer motor. The Cycle Start 

comes on with the pick of Rill at 15 seconds 

the start of an auto power sequence start. Dur- 

manual sequence start, the cycle start light 

not come on unless the disk drive auxiliary (R32) 



imer 



(manual 



The Stop Lockup light 



comes on when R47 picks during any 



Disk Drive 



drive On and Off switches are for manual 



motor 



drive can 



be manually started only if the heads are unloaded 
and the timer is at the beginning of a cycle. The Disk 

Drive light is in parallel with the disk drive contactor 

If a disk-drive -motor -overload switch or over- 
temperature switch opens, R39 picks and turns on the 



(K2). 



Motor Overload 



A disk drive overload or over- 



temperature condition causes a stop sequence to occur 

In manual mode, the Disk Drive On switch starts the 

timer motor. 



Electronic DC 



the electronic 



s are for manual 

If electronic dc 



turn 



light. An overtemperat 

gate causes R48 to drop 
on the Air Temp Elect C 



turns 



Solenoid DC 



The solenoid dc on and off switches are for manual 



control of the solenoid dc power. 



Sol 



sent. I 
noid dc. 



turned on when R 
can come on only 
joss of electronic 



Sole 



driver cards from 



7.4 



damage caused by having 48 volts without 

biasing voltages. 



Oil Pump 



Pump On and Off switches are for manual 



e hydraulic power supply motor 

in the hydraulic system picl 



An 



pump is turned on through 



turns on the 



pump 



Pump 



Opening an overload in the oil pump 

in turn picks R40 which turns on the 

O. L. light. When oil temperature 

149 drops to pick R38 which turns on 



the High Oil Temp light 



Head Load 



The Head Load switch is for manual loading of the 

heads. The switch is effective only after the timer 



has run 



This time must be allowed 



build pressure in the array and remove particles of 

dirt. The Head Unload switch is for manual unloading 
of the heads. In any stop sequence, the heads must be 
unloaded before the disk array can be stopped. 



can 



and air pressure must 



(above 



The Access Retracted light is 



picked by R4. R4 is picked by all the access retracted 



Inop relay points 



The air pres- 



sure Normal switch closes to pick R46 which turns 



the Press Normal light 

on by R125. R125 also 



Load light is turned 



and 



The 



Unloaded light is turned off by the 



only if all the heads , including the clock 



are unloaded 



head 



manual 



De- 



this switch in manual control 

leek relay (R45). This relay, 



with the head loaded switches on each access and the 

clock head, will pick R5 if all heads including the cloc 
head are loaded. R5 turns on the Heads Loaded light 

The first depression of the Head Load switch loai 



module 



of 



module 



This 



overloading the air compressor and assures prompt 
head loading. 



Warm Up Timer (30 minutes) 



The warm up timer (T-2) is started when K5 (power 



start contactor) 



timer (at point 



is in series with the strut thermal contact and 1 

make 30 minutes after the timer is started. If 

ating temperature is attained, and 30 minutes have 



elapsed, the thermal sense relay (R41) is picked 

This relay (R41-3 n/o), is in series with file rea 

The Thermal Test push button on the power sequ 

panel will bypass the warm up timer to establish 

Ready condition. 



File Ready 



light 



(R64) if all of the following 



•II 



are 



sent (01.50.09.0). 



1. Not st 

2. Heads 



•]• 



(R5-2 n/ 



(R3 - 1 n/c) 



3. Thermal sense (R41-3 n/o) (77° F Model 



Model 



4. 

5. 
6. 

7. 



c present (R44-4 n/o) 
Head Load Check (R45-4 n/o). 

Oil pressure normal (R7-2 n/o). 

Solenoid dc present (R8-1 n/o). 



8. Solenoid power supply control (R108-Bu n/o) 



Manual Reset 



manual reset switch is the only 



the following conditions can 



1. 
2. 

3. 

4. 

5. 
6. 



drive overload (R 



overtemperature (R 



7 



Oil overtemperature (R-3S 
Oil pump overload (R-40). 
Dc failure indication (R37) 
Air pressure normal (aftei 

(R46). 

Service interlock. 



drive on) 



Thermal Test 



Closing this manual push-button switch will bypass 

the 30-minute warm-up timer (at point T2-1) and 

pick thermo sense relay (R41) if the strut tempera- 
ture is at operating level. This switch permits the 

CE to establish a File Ready condition prior to the 

30-minute warm up period, and permits testing the 

strut thermal contacts for operating level. 



Automatic Power Sequencing 



2302 power on sequence is an automatic 

l the Sequence Control switch is at Auto. 



The 



Auto position allows the automatic sequencing to be 
initiated at the 2302 power sequence panel when the 



the system 



Remote 



emergency 



(Kl) must be picked to allow power sequencing and 

must remain picked to maintain file power (01. 50. 
Kl is picked when power is brought up on the using 
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Tl-l 



TI-2 



TI-3 



TM 



TI-5 



TI-6 



TI-7 



TI-8 




TIMER CAM FUNCTIONS 



1 Tl | LOCATION | 


make] 


tol| 


BREAK | 


tol| function 1 


1 1 1 01.50.07.0 


10 


±3 


240 


±3 


Timer Motor Operation 1 


2 01. 50.08.0 


15 


±3 


25 


±3 


Timer Check | 


3 01.50.08.0 

1 1 


22 


±3 


32 


±3 


Disk Drive Control 1 

■ 


4 01.50.08.0 


82 


±3 


92 


±3 


Timer Auxiliary | 


| 5 1 01.50.08.0 


112 


±3 


122 


±3 


Oil Pump Control 1 


6 01.50.09.0 


180 


±3 


190 


±3 


Access Retracted and Head Load M0 | 


7 01.50.09.0 


210 


±3 


220 


±3 


Head Load Check Ml 


1 8 101.50.09.0 


195 


±3 


205 


±3 


u n -J | 0/V J C\*or\t M0 Lnad Ml 1 


neaa LDOQ \-necK iyiv luuu i vi i i 



Figure 7-3. Power Sequence Timing Chart 




system or previous file in multiple file system if the 

emergency off circuit is normal. 



Auto Local Start 



This operation is accomplished by developing the fol- 
lowing basic objectives in sequence (Figures 7-3, 7-4, 

and 7-5). 

1. Energize air compressor motor and gate 
bl ower s . 

2. Energize timer motor. 

3. Energize disk drive motor. 

4. Establish electronic dc and solenoid dc. 

5. Energize oil pump motor. 

6. Start rezero operation. 



7. 



Load heads. 



8. Establish "file ready. " 



Compressor Motor. The auto local start 



initiated bv depress ins: the start 



(SW 



K5 then provides a 



compressor 



tronic gate blowers. 



point, the 



an internal 



The compressor runs only enough to maintain system 

pressure. K5 also allows the -48 v relay supply to be 



vac 



gate. 



Energize Timer Motor. 



started 



when R10 is picked (01. 50. 07. 0). R10 is picked fol- 
lowing the initiation of the -48 v relay supply provided 



safety and 



Contact 
3 minutes 



and 



the 



7.6 



V 



Page Revised 10/25/65 






(Rill) 15 seconds after RIO is picked if the heads ar< 
unloaded and air pressure is normal. Rlll prevents 



allowing 



zero. 



Energize Disk Drive Motor. The disk drive motor is 
energized through the n/o contacts of K2 (01. 50. 14. 0). 
K2 is picked by R110 which is picked by TI-3, 22 seconds 

after the timer motor is started. Sixty seconds are 

allowed for the disk array to reach operating speed. 
The auxiliary disk drive relay (R32) is also picked by 

K2 (01. 50. 12. 0). R32 is used later in the sequencing 



gnal that disk drive 



Establish Electronic DC and Solenoid 



The elec- 



tronic dc is turned on when the electronic dc contac- 
tor (K4) is picked (01. 50. 07. 0). K4 is picked by 

R124 which is picked by R107. R107 is picked by 

TI-5 60 seconds after the disk drive motor is started 

(01. 50. 08. 0). R107 sends out a "power on to next 

file" signal (01.50. 13. 0). K4 also picks the auxiliary 

electronic dc relay (R33). R33 is used later to sig- 
nal that electronic dc power has been applied. 



Solenoid dc is energized when K301 is picked by 

the electronic dc present relays (R44 and R108). 



Pump 



K3 



pump motor i 
, 14. 0). K3 is 



picked by R109 which is picked by TI-4, 112 seconds 
after the timer motor is started (01.50. 08. 0). Norm 



pressure 



When 



and R7 is picked to indicate normal 



pressure (01. 50. 12. 0) and to hold R109. 



Operation. The presence of electronic 



dc (-12 v) is used to pick R51. R33 



R44 which picks R108. 



ed 



solenoid dc contactor (K301) which picks R8. R8 

causes a power sequence rezero operation (01.50. 13. 0) 



module 



and 



and the clock head solenoid are energized (01. 50. 09. 0). 

These solenoids are energized when R125 is picked. 
R125 is picked by R4 if disk drive power has been 



70AmpCB 



Start 





2O8v30 




Emergency Off 
Normal from Using 
System 



30AmpCB 



Kl (01.50. 



Switch 20 
(01.50.13.0) 




M.0) 
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(01.50.14.0) 
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-48v Relay 
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Figure 7-4. Power Sequence Auto -Local-Start (Part 1) 
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after 



applied (R32) and air pressure is normal (R46). R4 

is picked by TI-6, 180 seconds 

is started, through the access retracted switches in 

series or through the proper combination of access 
retracted switches and inop relay points. However, 
if all accesses are inop, R4 cannot pick because its 
common sMe is open (01. 50. 10. 0). 

The heads of Module 1 are loaded when the M1A0 
and Ml Al head air solenoids (K203 and K205) are 

energized (01.50.09.0). These solenoids are ener- 
gized when R126 is picked. R126 is picked by TI-8, 
195 seconds after the timer motor is started, through 
R34. R34 is installed only if the 2302 has both 
modules. R34 enables the heads of each module to be 

loaded at different times. 



Establish 



temperature (77° F Model 
and 30-minute timer (R41) 
tronic dc is present (R44), 



? file ready relay (R64). 
heads are loaded (R5), 

5 not detected an under 

85° F Model 2) condition 



loading (R45), oil pressure is normal (R7) 



and 



Remote 



The 



this group 



function 



;he thermal s 
temperature 



minutes after power on. The time required is deter- 
mined by the room temperature and the 30-minute 

timer. 

If head load power has been applied (R125), picks 

R45 212 seconds after the timer TI-7 is started. If 



loaded 



Note, 



through 



loaded switches and access Inop relay points. 



pick to the remote stop relay (R35). The start se- 
quence lockup relay (R10) is picked through the n/o 

points of R35 (01. 50. 08. 0). The power on sequence 
proceeds from this point as described under Auto 
Local Start. (See Figure 7-4 and 7-5. ) 



Auto Local Stop 



The first step in all power off sequences serves to 

rezero all actuators to the Outer Limit switch. The 

second step must cause the heads to unload. All 
other functions can then be interrupted simultaneously 

Auto local stop is initiated when SW10 is pressed 

and the stop sequence lock-up relay (R47) is picked 

(01, 50. 08. 2). The sequence then proceeds as shown 

in Figure 7-6. 



Auto Remote Stop 



Remote stop is initiated when the using system drops 
the "start stop sequence" line holding R35 (01.50. 13. 0) 
When R35 drops, R47 picks (01. 50. 08. 2). The stop 
sequence then proceeds as shown in Figure 7-6. 



Manual Power Sequencing 



manual 



To be 

b some 



safety 



Therefore, caution must be used when sequencing 

the file in manual sequence control. Sufficient tim 

must be allowed between each step to allow the re- 



com 



indicated by the lights on the power sequence panel. 



Manual Local Start and Stop 



Auto Remote Start 



To start the normal remote power on sequence of the 
file, the power on circuit must first be activated fror 

the using system (01. 50. 13. 0). This circuit pro- 
vides a pick to the power on contactor K5, thus es- 
tablishing the -48 v relay supply and power to the air 
compressor. 



down 



combination of files can be sequenced up c 
ending on the auto control switch. If this 

in Local, all system and other file signal 

file. If the switch 



next 



is in Remote, the file will become part of the se- 
quencing operation. 

The power on sequence can then be initiated by 

activating the "start stop sequence" circuit from the 

using system (01. 50. 13. 0). This circuit provides a 



The start sequence is selected by the CE, however 

the heads cannot be loaded until 180 seconds after 
the disk array is started. Figures 7-7 and 7-8 
illustrate the operating sequences. 

The stop sequence is selected by the CE, how- 
ever the disk drive motor cannot be turned off unless 

the heads are unloaded first. 



SAFETY INTERLOCKS 



incorporated 



damage in case of component malfunction 



Oil Pump Protection 



The oil pump is protected by two motor overload 
switches and an oil overtemperature switch. The 



7.8 



s 



3 




/ 



N, 



«0 




O 

s 

8 



I 



rAV 



CO 



"8 ^ 

£ fr 

€> 

5.9 




•* 



*■ 




Sec 


o e 


cs 


- I 


CN 


.— o 


^ ^ 


Q U 





■D 





I . I -v — N CO 
_ I oc ac cz dc o£ 







M 




4) 




•^ 




^ 


"B 


4) 
UO 


.9 


C 


eod 


hes 


I 


o 

^^H 


— 


j 


< 


or» 



5 "8 

<N ft) 
^ X 




O . 

CN .- 

M < 



•S3 

4> • 






X 




CN 



8 



3 



s 

5 

00 



»o 



in 

• 



a 



<N 



S5 



o 



8 

J) 
O 



00 





■ 

o 



CO 
CO 



K 



I 




u 

c 

t> s 






CN 



8 
8 



I 



CO 
CO 



.£ o 



Q O 



8 






s 



W 




X 



I 



X 



E • 

£8 
6 5 




a 

Cv g 

- .2 



15 

3 • 



^ 




CM 



CO S* 



U0 

* 



CM 

tJ 



8 

1 
& 

Hi 

u 



in 

I 

a 

P4 






CM 
CO 

V£> 

CO 

in 

i 

CM 

CM 



7.9 




R64File Ready 
(01.50.09.0) 



R8-4 
(01.50.13.0) 



Power Sequence 

Rezero (01.04.14.1) 




Outer Limit Switch Made 



R126 Head Load 
Mod 1 (01.50.09.0) 

K203 and K205 Mod 1 
Air Head Solenoids 




Switch 10 Stop Switch 
(01.50.08.0) 

R47 Stop Sequence 
Lockup 

R3 Stop Sequence 

Delay 



R 1 25 Head Load 
Mod 0(01.50.09.0) 




K 202 and K 204 Mod 

Air Head Solenoids 



OR 




• It • 



R5 Heads 
(01.50.10.0) 

R43 Heads Unloaded 
(01.50.17.0) 

R3-3 

R106 Stop Sequence 
(01.50.08.0) 




K201 Clock He 
Solenoid 




• • 




Rill 

Timer 
Check 




R10 

Start 

Sequence 

Lockup 



R109 Oil 

Pump Control 



K3 Oil Pump 



-■ 



Rl 10 Disk 

Drive Control 



K2 Disk Drive 



R32 K2 Aux 



R124DC 
Supply Control 



K4 Elect DC 




R33 K4 Aux 



R44 Electronic 
DC Present 



R108 Solenoid 
DC Control 



K301 Solenoid DC 




R8 Solenoid 
DC Present 



Figure 7-6. Power Sequence Auto-Local Stop 
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70AmpCB | |Woll Plug 208v| 



Emergency Off 

Normal from 
Using System 



Kl Emergency Off 
(01.50.14.0) 



Isolation Transformer 



Start 




Switch 20 
(01.50.13.0) 



K5 

(01.50. 14.0) 




48 v Relay Supply 
(01.50.15.0) 



1 ^ Blowers 



/ 



X 



\ 



R2,R49,R41, 
R43, R102, 
R46, R103, 
R48, R122, R123 



Switch 18(01.50.07.0) 



R43 Heods Unloaded 
R103 




L8 Disk Drive 



K2 Disk Drive 



R32 K2 Aux 
(01.50.12.0) 



\ 



Timer Motor 
(01.50.07.0) 




L19 Timer 




10 

Tl-l Timer Hold 




180 

TI-6 (01.50.09.0) 



R42 Manual Head 
Load Delay 



Switch 13 




M0 Access Retracted 
Switches-ln Series 
(01.50.10.0) 



R4 Accesses 
Retracted 



R46 Air Pressure Normal 
R32 K2 Aux 




R125 Head Load M0 
(01.50.09.0) 




Clock Head 
Load Sol 



^ K202,andK204-M0 

/|\ Air Load 
' Solenoid 



If 




30 Amp C B 




Convenience 
Outlet 




24 v AC Return 





Air Compressor 
(01.50.14.0) 




Air Pressure Normal Switch 

(01.50.12.0) 



\ { R46 Air Pressure Normal 





Switch 16 
(01.50.07.0) 



— JR123 



K4 Elec DC 




R33 



(01.50.12.0) 



Elec DC 
(01.50.14,0) 




R51 (01.50.13.0) 





R44 Elec DC Present 
(01.50.12.0) 

R 108 Sol DC Control 
(01.50.08.0) 



K301 Sol DC 
(01.50.15.0) 

R8 Sol DC Present 
(01.50.12.0) 



Switch 14 
(01.50.07.0) 





L5 




File Not 

Ready 
Rezero 



(01.50.20.0) (01.04.14.1) 



— [R102 



K3 Oil Pump 

(01.50.07.0) 

Oil Pressure 
Switch 500 psi 

(01.50.12.0) 

R7 Oil Pressure 

Normal 



17(01.50.20.0) 



Figure 7-7. Power Sequence Manual-Local-Start (Part 1) 
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Switch 13 
R4 



motor overload switches open when an overload con- 



igure 



vertemper 



ature switch opens if the oil temperature 

130° F. When any of these switches open 

pump contactor drops. 



Switch 12 



Disk Drive Protection 



R34 



All MO and Clock 
Head-Load 
Switches- In Series 



R5 Heads 



i 



• it • 



ed 




Switch 13 






MO and Ml Access 
Retracted Switches- In Series 




f 




R34 



R 1 26 Head 




IIIIIIII I 



Ml 



K203and K205-M1 
Head Air Load 
Solenoids 



Switch 13 



R4 



The disk drive is protected by two motor overload 
switches and an overtemperature switch. These 

switches open if an overload or overtemperature con- 
dition is sensed (Figure 7-10). When any of these 

switches opens it causes the disk drive contactor to 

drop and the entire file to shut down. 



NOTE: Two overtemperature switches are installed 

in the disk drive motor, but only one is connected at 

a time. 



Electronic Gate Overtemperature 



air temperature thermal card 



U1 



•it 



part 



dropped (Figure 



If the switch on 

rtronic dc and 

. The file does 



down in either mode 




r 




tch 12 



R126 



R45 



R5 



R 109 Oil Pump 
Control 




All MO and Ml Heads 
Loaded Switches- In Series 



R44 Electronic DC Present 
R7 Oil Pressure Normal 
R8 Sol DC Present 
R 108 Sol DC Control 
R45 Head Load Check 
R41 Thermal Sense 



R64 File Ready (10.50.09.0) 



R6.(l 0.50. 09.0) 



Rl 10 Disk Drive 
Control 




R 124 DC Supply 
Control 



Oil Pump Overload 




O.P.O.L.(A) 
Switch 







O 



Oil Over Temperature 

Oil Temp 



I Oil Tei 
.P.O. L.(B) )( Switch 



Switch 



R2 (01.50.12.0) 



R40 



(01.50.17.0) 



Oil Level 

Switch 




130 



R49 (01.50.12.0) 






R102 (01.50.08.0) 
K3 Oil Pump 

R7 Oil Pressure Normal 

R64 File Ready 



R38 



(01.50.17.0)| 




1S761 1 



1S762AJ 



Figure 7-8. Power Sequence Manual-Local-Start (Part 2) 



Figure 7-9. Oil Pump Protect!. 
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Operating Temperature Thermal Sense 



draulic power supply which turns off the hydraulic 
power supply when the oil temperature exceeds 130? F, 



A temperature sensing switch (01. 50. 09. 2) is located 
between the front and rear vertical struts of the 2302, 
above the C and D gates. This switch defines the 
operating temperature requirements of the 2302 
(77° F Mod 1, 85° F Mod 2). 

The upper 2302 operating temperature limit is 
controlled by the over temperature switch of the hy- 



Air Pressure Loss 



pressure opens the air pressure normal 



igure 



sure 



). R46 drops when the air pres- 
the heads unload but the file 



down 




D.D.OL.(l) 




D.D. Thermal 



D.D.OL.(2) 




R103 Disk Drive Overl 

(01.50.12.0) 





R39 (01.50. 17.0) 



K201 Clock 
Head Solenoid 




R5 



K2 Disk Drive (01.50.07.0) 




R32Aux (01.50.12.0) 

Disk Drive 



R47 




R125 (01.50.09.0) 



See "Power Sequence 
Auto- Local-Stop" 



K202 and K202-M0 
Air Head 
" J Head Solenoids 




• !• • 



R126 



R64 File Ready 



K203 and 
K205-M1 
Air Head 
Load Solenoids 
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Figure 7-10. Disk Drive Protect! 
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Air Temp 

Thermal V (01.50.12.0) 
Gate A 



R36 Elect 



-D 



R122 



Air Temp )( (01.50.17.0) 



Indication 



/• 



R37DC Fail)( 
Indication 
(01.50.17.0) 



R64 File Ready 
(01.50.09.0) 



OR 



R48 Electronic 
Air Temp 



R123 DC Fail 
(01.50.08.0) 



K4 Elect DC 
(01.50.07.0) 



R33 Elect DC Aux 
(01.50.12.0) 



R44 E lect 
DC Present 



R108 Solenoid 

DC Control 
(01.50.08.0) 



K301 Solenoid DC 
(01.50.15.0) 



R8 Sol DC Present 
(01.50.12.0) 



Air Temp 
(01.50.12.0) V Thermal 



Gate B 



Rgure 7-11. Electronic Gate Overtemperature 
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7,15 



s 



K201 

Clock Head 
Solenoid 




Air Pressure 

Normal Switch 
(01.50.12.0) 



f i 



* 



R46 Air Pressure Sense 



R 1 25 MO Head Load 
(01.50.09.0) 



R126 Ml 

J 1^ I 



He 



• •■■•[#• 



K 203 and 
K205 Ml 

Air Head 

Solenoids 



K202 and 
K204 - M0 

Air Head 
Solenoids 



OR 



R5 Heads Loaded 



R64 File Ready 



| 15765 



Figure 7-12. Air Pressure Loss 
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SECTION 8 SERVICING AIDS 






Many service aids are incorporated into the 

IBM 2302 Disk Storage. 




These aids allow the CE to observe or duplicate 
machine functions. 



Cylinder Select Lights 



Ten cylinder select lights indicate the contents of the 
access register, and are driven by the outputs of the 
access register. Above each light is the binary and 
cylinder equivalent number represented by the light. 



CE TEST PANELS (Figure 8-1) 



Head Select Lights 




The CE test panels are located in panels Al and 
Bl. 



From these panels, the CE can monitor most 
file functions. 




The respective access must first be set Inop 
and the access cover must be on before mosl 
the switches on these panels are effective. 



Head Select Switch 



turns 



It is not necessary that the access cover be on to 
select a head. 






Six head select lights indicate the head to be selected. 
These indicators are driven from the access register, 
Above each light is the binary and decimal equivalent 
number represented by the light. 



Cylinder and Head Select Switches 



These 16 switches can be used to select any cylinder - 
head address including the inner CE cylinder which is 
located at cylinder position 250. 



Access Register Set -Reset 



The address selected by the cylinder and head select 
switches is set into the access register by depression 








CYLINDER SELECT 






HEAD SELECT 







■ 








READY 



DETENT IN 



REZERO 



ACCESS INOP 



ATTN STATUS 



LIMIT SWITCH 




MODULE SELECT 



HD SEL 



FLAG CONDITION 













' 



m 












..-.-. y.^ -,- 



: ; : : : : :-:':-" : :x::vi;v.; 



■ '. ,■ .■. . .,.,,- - ■ ■■ . . — .. 






Figure 8-1. CE Test Panel 
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of the set button. Additional 
can be set without a reset, ] 
turned off without a total res 



can 



The access register 



is reset by depression of the reset button. This 

button also resets rezero. 

Resetting the access register puts the actua 

cylinder and gates head 00. 



POWER SEQUENCE PANEL 




All power sequence functions are controlled from 
this panel. 




This panel and its functions are described in 
Section 7, Power Control, 



Rezero Set Switch 



functions are 



rezero, 



and locate outer cylinder. The outer cylinder is 
about one and one -half cylinders out from cylind< 



in 



This position is not 



in 



actuator can be moved manually with a small amount 

of force. Rezero can be reset by depression of the 

access register reset switch. 



MARGINAL VOLTAGE CHECK JACK 





Marginal voltage checks of the logic circuitry 
made by placing the portable marginal voltage 
sunnlv Dluer into the iack receptacle. 



The +12 marginal voltage can then be raised to 

+15 volts or lowered to +9 volts. 



Flag Condition Select Switches 



These three switches allow the CE to gate the thre 

flag latches which allow selection of any of the six 
alternate tflaer) surfaces with access register set. 



Limit Switch Light 



CE LATCH AND LIGHT 



This CE aid is used for intermittent troubleshooting 
and consists of an electronic latch with an indicator 

attached. The latch has a 4-way ANDed (Plus) input 

and 1 reset (Minus) line. Any inputs not used may b 
left floating. The indicator is attached to the On sid 



of the latch. Tl 
sy nchr oniz at ion 



AND circuit may 



\ 



This light indicates that the CE inner 

der rezero has been located. 



CE REMOTE CONTROL BOX (Figure 8-2) 



Attention Status Light 



This light indicates that the access has 



initiated 



Inop 



gnal 




Allows CE to repeatedly seek an actuator between 

two selected addresses. 




Allows CEto write data from the CE cylinder 

format to any selected head in the CE cylinder 



Module Select Switch 



This switch selects the module to be monitored or 

operated from the CE panel. Selection of a module 

also selects the access for that module. 



Condition Indicator Lights 



Inop 



and limit switch are the conditions indicated 
lights. 



CE Sync Hubs 

These convenience hubs are serviced by wires be- 
tween the FCU and the 2302. The line from the FCU 
is terminated in the 2302. The line to the FCU is 

driven from the 2302. 



Data writing and access motion can be checked by 
using the CE Remote Control Box in conjunction with 
the CE Test Panel for the access to be checked. 

The CE Remote Control Box is connected to the 

2302 via three paddle connectors. Two of these pad- 
dle connectors plug into card sockets located in the 
access control panel (A4, A6, B4, or B6) of the access 
to be checked and one is connected into A10 of the write 

driver box (Figure 8-3). 



Write Bits 



Write Gate Switches 

le write gate switch raises the write 



gate if the access is located at the CE inner cylinder 

Selection of the write bits switch allows data 

(provided by the 1 mc oscillator) to be put on the 
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2302 O N LY 
CE WR CE WR 



GATE 



BITS 







ON 



1301 10 

2302 10 



5 



4 



2 



1 



4+ 



4 



2 



OFF 










ON 



OFF 



SEEK 
REPEAT 



ON 



OFF 





OFF 





write data line. This data will then write on the head 

selected (by the CE Remote Box switches) within the 

CE cylinder. 



Seek Repeat 



Turning 



ek 



cylinder specified by the address in the access regis- 
ter and the cylinder specified by the address set into 

the address select switches on the Remote Control Bo 



Access 
M0A0 



M0A1 



Plug Locations 

A6F02^Ta6F03 
B6F02 and B6F03 



M1A0 



A4F02 and A4F03 



M1A1 



B4F02 and B4F03 



Write Driver Box Cable 

C3A10B 



D3A10B 



C2A10B 



D2A10B 



155 



3 



Figure 8-2. CE Remote Control Box 



Figure 8-3. 



Control Box Connection 



y 
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SECTION 9 ACCESS MOTION 



SEEK 




A 4-digit (16 bit) access register holds cylinder- 
head address requested by the File Control Unit. 




Timing of access motion is controlled by an 

adjustable oscillator (about 4.3 milliseconds 

per cycle). 




Access motion is caused by a change in the 

cylinder portion of the access register. 




Got-to-go differentiate 

change to start motion 



register 




Detent safety transducer, mounted on top cover 
of actuator, monitors actuator speed. 




Detent detector circuit monitors position of the 



detent. 



When a disk storage module 



address is sent from the 



ylinder and 



This 4- 



digit, cylinder-head address is decoded by a decoder 



network 



igure 



The 



d into two po 
address and 



address. The output of the access register 

sampled for a change of address (Figure 9- 

change in cylinder address is indicated, the 

mechanism will seek the new address. If a 



If a 



change 




] 



Figure 9-1. Access Register 



in head address only is indicated, the access mech 



anism 

gated. 



timing for all access motion operations 

id bv an oscillator whose normal output 



nal is 4. 3 ms from 



The 



can 



tentiometer mounted on the card. The oscillator out- 



ated by a not-long-count signal and a not 
count signal to drive a 6-position binary 



counter. 



gated 



normal motion operation starts when the cylin 



the 



Diagram 



chang 



Got-To-Go differentiators. The differentiators 
outputs are divided into three basic time delays 



ms 



ms. and 180 ms 



timing considerations depending 



3 that must be picked or dropped to move tne 

from its present address to its new address 



igure 



four groups 



1. An address which requires the picking or 
dropping of the 1, 2, 4, or 4 1 solenoids, 

singly or together is considered a short 

motion operation and is allowed a 12 count. 

2. An address which requires the picking or 

dropping of the 10, 20, or 40 solenoids, 
singly or together, is considered a medium 
motion operation and is allowed a 16 count. 

The detent must be pulled on a 20 or 40 

solenoid change. 

3. An address which requires the picking or 

dropping of the 40+, 40++, or 100 solenoids 

singly or together, is considered a long 
motion operation and is allowed a 28 count. 



must be pulled 



also. 



4. An address with a change 

unique situation. The mc 



involved 

since oi 



piston action is involved. However, in order 



adequate damping time 



count than 



For this purpose, 



Got-To-Go 



Go 



and detent still in signals a true Got - 

n This is ORpd with the 40+. 40++ 



count 



count 10 is com 



Since 



involved , but only a total count of 28 , the 
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Cylinder Set 



Head Set 



System 

Address 



16 lines 



/l/ 




1301/2302 

Address 

Decode 
(01. 40. 01.1) 




\ 



Cylinder Selection 



Head Selection 



Access Time 





I 



20 10 



8 4 2.1 
D4 



8 4 2 1 



Access Reg 
(01.06.04.1) 



+ Flag 




R/W Matrix 



V 





10 lines 



6 lines 

(01.06.08.1) 

(01.06.09.1) 



GOT TO GO 
Differen- 
tiators 



(01.05.04.1) 




(01.06. 10. 1) 



SOLENOID 



MOTION 
TIMING 



Access Read 



I 




RES/FUSE 
Panel 



(01. 21. 01. 1) 



(01. 06.11. 1) 
(01. 06. 12. 1) 



-48 



1 



568 7A| 



Figure 9-2. Access Register Decode (MO AO) 



ultimate total time is approximately 118 ms. 
This is very close to the total time required 
for the 20-40 globs, using a count of 16 with 

detent delays. Thus there are four timing 

considerations, but only three basic timing 

groups, 50 ms, 120 ms, and 180 ms. 



pr 



i • 



he Got-To-Go differentiator outputs 
: motion-count trigger, reset the de 
necessary, dr 



tit 



and allow 



motion counter to start running. The detent 
trigger goes off to allow the detent to be pulled 
out by its solenoid driver. The solenoids for the 
new address are picked by solenoid drivers direc- 
tly from the access register. If only glob solenoids 
are picked, motion starts as soon as the detent is 

out. In the case of piston adder motion only, it 



unnecessary 



therefore, 



starts right after the solenoids are 



picked. 
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Type of Movement 




Small Pistons (only) 

1/ 2, 4, 4' 



Large Piston (with or without 
10 small pistons) 



Small Globs (with or without 



20-40 



P 



istons) 



Large Globs (with or without small globs 
40' , 40" , 1 00 and/or pistons) 



Figure 9-3. Access Times 



120 _ 3 M.S. 



40 

120.2 M.S 
180 _ 2 M.S 




cylinder location, and allow manual control for CE 



aids. 



(Figures 



facilitate 



1. 

2. 



3k to cylinder 40 HD1 using Module ( 

d for by the using system. The 

r es must be accomplished. 

address in access register (40 HD1) 



and 



the 40 solenoid. 



3. 



mechanism 



4. Establish Access Ready. 

5. Establish Attention Status 



Set New Address in Access Register (ILD #1) 



Motion is monitored by a detent safely trans- 
ducer mounted on the top cover of the actuator . It 

receives an input signal from a rack mounted on the 
moving carriage. This signal is integrated to form 



motion gate 



motion gat 



actuator is traveling less than 



This 



Safety 



x 



Detent position is also monitored. A slug coup- 
led to the detent move s within the field of a differ - 

ential transformer to generate a detent-in or detent- 
out signal. 

When the motion counter reaches the proper 

count, it turns off the motion-count trigger previous 

ly turned on by one of the Got-To-Go differentiators. 

If actuator motion is less than 10" per second when 
the count trigger goes off, it sets the detent trigger 



drives the detent in 



In signal 



from the detent detector resets the motion counter. 
The motion counter is then advanced to nine and 

the detent-delay trigger is reset if there is no mo- 
tion. At this time, the Access-Ready signal comes 

satisfactorv. The access - 



are 



M0 A0 indicates 



that the desired R/w head is positioned at the cylin 
der address contained in the access registe: 



. The 
write 



another seek) command 



an end-of-seek signal 



samples the attention 



an M0 A0 -attention-status signal. 

Each access mechanism has its own access con- 
trol electronics to allow one access mechanism to 

move while the others are reading, writing, or mov- 



ing 



The access -control electronics control 

ss positioning, retain the assignment o 

cc nhe>ok that the access has arrived a 



1. Drive system address lines to panel Al in 

the 2302. These lines are then driven to 

panel A6 on gate On the access register 



2 
3 



4 



5 



latches. 

Raise MO AO SELECT. 

Turn on all gated access register 

latches (in this case Dl Bl). 

Turn on all gated access register 

latches (in this case D4 Bl). 

Turn off all access register latch 

are not gated on. 



Solenoid 



Solenoid 




1 



2 



Pick the 40 solenoid driver directly from 
the output of the Dl Bl access register 

latch. 

The driver is connected directly to the 

solenoid coil. 



NOTE: One side of all solenoid coils is fused to 



-48 volts. 



Motion of the Access Mechanism (ILD #2). 



1. 



and 



Go 



monitored by the Got- 
mtiators. The differ en- 



s emit a pulse 
changes state. 



There are three basic 



differentiator circuits: 1, 2, 4, 4F, 10, 



Got-To-Go 



Got-To-Go: and 



40++ 



Got-To-Go 



Got-To-Go and 40+, 40++ 



utputs 20, 
Got-To-Go 



are ORed to raise Glob Got-To-Go 
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% 



xxx Cylinder 

40 ) Track Address 



xx Head 



Systei 

File 
Addresses 



Cylinder 



Cylinder Select 



Head 



GLOB Adder 



PISTON Adder 



ill 



0000-003? 





0040-0079 


1 


0080-0119 


2 


0120-0159 


3 


0160-0199 


4 J 


0200-0239 


5 


0240-0279 


6 


0280-03 1 9 


7 1 


0320-0359 


8 


0360-0399 


9 


0400-0439 


10 


0440-0479 


11 1 


0480-05 1 9 


12 


0520-0559 


13 


0560-0599 


14 


0600-0639 


15 


0640-0679 


16 


0680-0719 


17 


0720-0759 


18 


0760-0799 


19 


0800-1599 


20-39 


1600-2399 


40-59 


2400-3 199 


60-79 


3200-3999 


80-99 


4000-4799 


100-119 


4800-5599 


120-139 


5600-6399 


140-159 


6400- 7 1 99 


160-179 


7200- 7999 


180-199 


8000-8799 


200-219 


8800-9599 


220-239 


9600-9999 


240-249 


9#00-9#99 


250 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 



X 






.<*■?> 



X X 



Alt 

1 

2 

3 

4 

5 
6 



Flag Latch 
1 
2 
3 

1,3 
2,3 
1,2,3 



Note: C E Track, 9#20-9#59 



1,.j 



|xo 


XI 


X2 


X3 1 




00 


10 


20 


30 


Y0 


01 


11 


21 


31 


Y1 


02 


12 


22 
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Figure 9-4. Access Register Decoding 
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6 



7 



change of 10 is reflected in two 



groups 



This provides a delay count 



without Glob Got-To-Go (and thus 

ut detent delay) and results in a tc 

time near the 20, 40 Got-To-Go 



group. 
2. Access register latch Dl Bl has changed 

state. The 20, 40, Got-To-Go differentia- 
tor turns on the 16-count trigger. 

3. The differentiator output also turns off the 

detent trigger (ILD #4) which drops the 

detent solenoid to pull out the detent. 

4. The detent trigger goes off to drop access 

ready . 

5. When the detent comes out, a not-power- 



in 




al turns on the 



tr igger . 

Dropping access ready allows the motion 
oscillator (ILD #3) to drive the motion 
counter by removing the reset hold from 

the counter trigger. 

As the motion oscillator advances th 

motion counter, the actuator moves and i 



maintains 



tion. 



The change in the access register 
i digit 1 bit 1 (a 40-cylinder change) 
change requires a 25-count, or 



approximately 103 ms, comp< 
count for actuator motion and 
the detenting operation. 



counter 



motion counter is a straight binary 

pulse turns trigger 1 



on. 



The second pulse turns 1 off and 



turns 



fourth 



pulse turns 1 and 2 off and 



motion counter advances until 



trigger 



Trigger 



count 



NOTE: 
"true". 



tie output of the decoder is not always 

'or example, trigger 16 raises a 

count. Any other combination includ 

Either < 



ing a 16 will raise a "false" 16 count. 

these will fill the requirements of a 16 count 

16 



Therefore, if a function fails 

count, it has another chance 



IT 



18, 19, 20, 



etc. 



8 
9 



10 



A 16 count turns off the 16 trigger (ILD 

The actuator should have arrived within 

16 count (66 ms). However, to make ce 

tain, it is checked for motion by the det 

safety transducer. 

The transducer signal is fed through an 

integrator to determine if motion exists 



11 



If motion is less than 10" per second raise 

detent safety (ILD #4) . 

If the detent can be inserted safely and the 



and 



iount triggers are 




trigger is turned on to enable 

moid driver to pick and hold t 



12 



detent solenoid (ILD #4). 

As the detent goes in, its position is detected 

bv the detent detector to raise a detent-in 



signal 



motion counter will count 



in comes 



13 



in signal resets the motion 

the counter starts counting 



because access ready is not present (ILD #3) 



Establish Access Ready (ILD 



1 



safety 



count 



turned 



access ready is raised. 



2 



turns 



light, prevents the motion counter oscilla- 
tor from stepping the motion counter by 
holding the motion counter reset and samples 
the status condition latch to develop atten- 
tion status. 

With access ready raised, the 2302 is 

ready to receive additional instructions 
from the system. 



Establish Attention Status (ILD #5). 



1 



2 



3. 



The Attention Status latch is reset when the 
system selects the module and access to be 

used and end of seek is present. 

When the cylinder address is set in the ac- 
cess register, the Attention Status latch is 
turned on if the access selected is not Inop. 
As previously explained, a successful seek 



seek 



signaled by the development of 

ady signal. Access ready raises 

End of seek samples the out- 
put of the Attention Status latch to develop an 

M0 A0 attention status signal to the system. 

4. If for any reason access ready is not gener- 



by the time the motion counter 

count, an arrival failure condi 

id to start a rezero operation. 



ttthe 

eration, 



completion of a successful Rezero 

the hydraulic fluid will have been recalibra- 
ted and the access mechanism will be at the 

extreme outer limit. Attention Status is 

then sent to the system. Rezero is not reset 

until the FCU sends the next Seek command. 

When the Seek command is received, the 
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cylinder 



If 




(ILD 



As 



the Rezero operation fails, or if for any 

other reason a 60-count is reached, the 

Access is set Inop and the count-60 rais 

End-of-Seek, and samples the Attention 

Status latch to develop the MO A) Attenti 

Status signal to the system. 



cylinder 



portion of the access register. 



Energize the Rezero Valve (ILD #6). The rezero 

valve is energized as soon as the rezero latch is se 

The rezero valve provides additional oil to push the 



and allows 



the glob adder. 



REZERO (FLOW DIAGRAM #2) 



Hold the Detent for a Long 16 Count. 




A rezero operation causes the access to move on its 

outermost limit for the primary purpose of recali- 
brating the hydraulic fluid in the actuator mechanism 



1 



caused by any one of the following 



conditions: 



1 
2 



3 



4 
5 



6. 



Access cover door open or off. 

Power on sequence (Solenoid dc And not 

file ready). 

Arrival failure (count 56 and not access 

ready). 

Invalid address (address greater than 251). 

Inner limit switch closed when not addressed 

to cylinder 250. 

Inner limit switch not closed when addressed 

to cylinder 250. 



2 



3 



When a rezero operation is initiated, the cylin 
der portion of the access register is reset to zero, 
and the rezero solenoid is energized. The detent 



count 



A differentiated Rezero signal turns on the 

16-count trigger (ILD #2). This trigger 

produces a Glob-Got-To-Go to turn off the 

detent trigger (ILD #4). However, the 

detent solenoid is held by Rezero until the 
motion counter counts to 16 (ILD #4). 
Rezero, Detent trigger Off, and 16 Count 
triggers On develop Long Count (ILD #3). 
Early Index flips a binary trigger (Alternate 
Revolution) every cycle. The trigger goes 
on with the first revolution of the array, 

off with the second, on with the third, etc. 

The on side shifts positive once every other 
revolution (when the trigger goes on). This 
positive shift and the Long Count signal 
(developed in step 2) develop Long Count 

Drive. Long Count Drive steps the motion 

counter once every 68 ms until a 16 count 

is reached and the detent is pulled. 



» 



limit 



recognize 



56 count. After the 56 count, al 

to the system. The system will 
and send another seek command. The detent is then 
driven in, the rezero latch is reset and access 
ready is generated. 



Pull the Detent. 



1 



Circuit Description (ILD #6) 



2 



assume 



zero latch is turned on by an arrival failure 

following objectives must be accomplished: 



The 



3 



1. 



the 



2. Energize the rezero valve. 

3. Hold the detent for a long 1 

4. Pull the detent. 

5. Move to outer cylinder. 

6. Develop attention status. 



count 



4 



When the 16 count trigger goes off, the de- 
tent solenoid turns off and pulls the detent, 

thus allowing the actuator to go to the outer 

position under rezero force (ILD #4). 

When the detent comes out, the detent de- 
lay trigger is turned on by a Not-Detent-In 
signal (ILD #4). 

Closing the outer limit switch causes a re- 
set of the motion counter, drops long count 
and allows the counter to be advanced by th 
motion oscillator once every 4. 3 ms (ILD H 
At count 56, the end rezero condition is 
recognized and attention status is develope< 



Develop Attention Status (ILD #5) 



The following conditions are established by a 
Seek Command: 



1 



1. 



Set the detent. 



2. Reset the rezero latch and develop access 

ready. 



2 



The Attention Status latch is turned on at the 

beginning of a Seek Operation, as long as the 

access is not Inop. 

After a full 56 count at the outer CE cylin- 
der, End Rezero Count is raised to block 
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the motion counter advance and develop En< 

of Seek. Count 56 remains available until 

the counter is reset. End of Seek samples 

the Attention Status latch to develop Atten- 
tion Status to the system. 



NOTE: 



and Count 



Attention Status latch. Count 



Status to develop in case the 



Inop. 



Set the Detent. 



2. When 



off, all of the conditions required for the 

development of Xccess Ready are establis 

(ILD #4). Access Ready holds the motion 



and 



signal 



next 



When the detent is set after a rezero 

access is at Cylinder 0. Therefore, 

is required if a different cylinder is desired. 



another 



1 # During 



2 



3 



Count 



Following an A 
recognizes a r 
seek command 

is valid. 



time 



subsequent seek command 



counter 



time 



operation (ILD #6). 

Rezero latch off turns the detent trigger c 
if the actuator motion is less than 10 in. / 
sec to power the detent solenoid driver 

(ILD #4). 

When the detent is seated, a differ en tiate< 
Detent hi pulse resets the motion counter, 
However, the motion counter begins to st< 
again because the access is not ready 
(ILD #3). 



ACCESS INOP 



inoperative (In 

[1 into the 2302 



from the system 



cannot cause an 



ss that is Inop to perform a read, write, 

function. 
An access can be set Inop by any of three 



methods (ILD #7); 



1. 



Programming 



Inop) 



Develop Access Ready (ILD #4) 



2. Automatically by 2302 circuitry if any of 

the following conditions exist, 

a. Access cover open or off. 

b. Heads not loaded at head load check 

time. 

c. Access not retracted at access 

retracted check time. 

d. Motion counter reaches 60 count. 

3. Manually by switch from power sequence 

panel (CE set access Inop switch). 



1. With the motion counter set to a 9 Count 

the Detent Delay trigger is turned off. 



An access that is liiop can be reset in only 

way: manually from the Power Sequence Panel 
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SECTION 10 READ/WRITE 




2302 uses double-frequency horizontal NRZI 



recording method. 




device 



gap and a coil wound at some 



on the way. 




During a write 

when the flux c 



reversing the current in the 




During a read operation, a bit is sensed wh< 
the flux direction in the ring is changed as a 

result of a flux reversal on the disk surface 



Description 



The IBM 2302 Disk Storage unit uses the double- 
frequency horizontal NRZI (nonreturn to zero IBM) 

method of magnetic recording. NRZI recording 



recognizes a change in flux 

while no change represents 



Thus, each 



transition of magnetization from plus to minus or 
minus to plus polarity represents the storage of a bit 

Double frequency is the term given to the re- 
cording system that inserts a clock bit at the begin- 
ning of each bit cell time thereby doubling the fre- 
quency of recorded bits. The horizontal recording 
device is a ring with a gap and a coil wound at some 
point on the ring. When current flows through the 
coil, the flux induced in the ring fringes at the gap 

j 10-1). As a magnetic recording surface 
by the gap, the fringe flux magnetizes the 

surface in a predominantly horizontal direction. 

During a write operation, a bit is recorded 
when the flux direction in the ring is reversed by 

rapidly reversing the direction of the current in the 



(Figur 



coil. 



medium 



flux is reversed in the gap 

of the flux flowing through 

is reversed. If the flux re^ 



sidered instantaneous in comparison to the motion 

he recording surface, and the gap is observed at 

moment of reversal, it can be seen that the por- 

l of the surface that just passed the gap is magne- 

>d in one horizontal direction while the portion 

3ctly under the gap is magnetized in the opposite 



direction. ] 

reverse 180 



two areas, the flux 
ted flux reversal re 



igure 



During a read operation, the gap first passes 

an area that is magnetized in one horizontal 

ction. and a constant flux flows through the ring 



and the coil. 



voltage 



recorded 



flux 



flux flowing through 



ring and coil must also go through 



reversal. 



means that the coil sees a change in flux 



in a voltage output pulse (Figures 10-3 and 



10-4). 



2302 RE AD/ WRITE HEAD 




The 2302 read/write head is a 4-terminal device 

containing three coils. 




The 2302 writes a wide band, then "tunnel " 
erases the recorded data to leave a narrow 
band. 



Description 



.d/write head is a 4-terminal 



taining three coils (Figure 1 
exclusively for magnetically 



One 



Recording 
Surface 





Aluminum Disk 



Current 



Fringe Flux 




I 1S434 1 



_r" 



Figure 10-1. Basic Ring Head 




Current 



Current 




Surface Motion 



Recorded Bit 
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Figure 10-2. Horizontal NRZI Recording 
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No Pulse 



(Passing Over Constant Field) 



Flux Reversal (Bit) 




Surface Motion 




amplifier or the write 



and 



Head gating can be done as part of a seek command, 

a read command, or a write command. 



Description 




(Flux Reversal in Gap) 



Flux Reversal (Bit) 



Surface Motion 
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Figure 10-3. Reading Horizontal Fields with Ring Head 



disk. The remaining two coils are connected in 

series and are used for reading and writing on the 

disk surface. 

The 2302 head is designed with the read/write 

core ahead of a split erase core (Figure 10-6). This 

unique design (called tunnel erase) allows the 2302 to 
write a band of data 0. 008" wide then immediately 
erase it to 0. 005" wide. The difference in erase and 

write width allows for minor deviations in head po- 
sitioning during subsequent read operations. 

The current through the write coil erases the 



data 



Head Selection 




Y selection gates the common connection to all 
three coils in the head. 



The common connection to all three coils of the read/ 

write head is called M Y" select (Figure 10-5). Each 
2302 access mechanism has twelve Y select lines 

(System Diagram 01. 00. 04. 0). Each of the first ten 

Y select lines (Y0 to Y9) connects to four data read/ 
write heads in parallel. Each of the last two Y select 
lines (Y10 and Y119 connects to three alternate (flag) 
surface read/write heads in parallel. The units digit 

of the head address is decoded to select Y0 to Y9. The 

flag line inputs from the 7631 are decoded to select 

Y10, Yll, and the proper X select line. 

The remaining three connections to the read/write 
heads are "X" select lines. The tens digit of the head 

address and the flag lines are decoded to select X0 to 

X3. Each X select line (except X0) is connected to ten 

data read/write heads and two alternate read/write 

heads in parallel, X0 is connected only to ten data 

heads in parallel. 



NOTE: The remaining read/write heads required to 
complete the 12 x 4 (12 Y select lines and 4 X select 
lines) matrix are spare heads or unused positions. 



Erase X select activates the erase coil of the se- 
lected head. The read/write X select connections are 

connected both to the input of the read amplifier and to 

the output of the write driver. By selecting a specific 
Read X select line or Write X select line, a specific 
Write Driver or Read Zone is selected. 

Complete head selection requires one of the four 
X-select lines (X0 to X3) to gate the read zone or the 



Wrife Data 



Signal Af Read Head 




Read Data 



Figure 10-4. Flux and Pulse Relationship 
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to gate the common side of the read/write 

writing is required, the erase coil must a 

activated. Figure 10-7 shows a simplifie< 



K 



matrix and Figure 10-8 shows the complete 



matrix 



digit of the head address (or flag 



from 



X select lines: 



data heads through 9 

data heads 10 through 19 and 



X2 



X3 



alternate heads Fl and F2 

elects data heads 20 through 

alternate heads F3 and F4 

elects data heads 30 through 

alternate heads F5 and F6 



and 



and 



If more than one X-select line is on, an error 

condition is detected by the multiple X-select circuit 

The units digit of the head address (or flag lines 

from the 7631 if alternate head is required) controls 

the Y select line: 



Circuit Objectives 



(read or write) CEILD 



#8: 



1 



2 



3 



Head select, module select, and accesi 
select are sent to the 2302 from the FCU 
Module select and access select AND 

raise M0 A0 select. 

M0 A0 select ANDs with head select to 

raise M0 A0 head select. M0 A0 head se 

ANDS with not flag select to raise condit: 

head select. 



4 



ANDS with the output 



5 



the units position of the head portion of 
i access register to raise Y2 head select. 

ie read/write Y select (YSEL) card enables 



Raise X2 Select for Head 22 (read or write 



CEILD #8: 



1. 



Condition head select is developed the same 



m 



2. 



ANDs 



format 



format 



a data read or write while in a format write 

operation . ) 
3. Condition head select and not M0 A0 store 

format AND with ace reg D3 B2 and not ace 

reg D3 Bl. If a read operation is required 
this output is ANDed with not M0 A0 erase 
gate to raise X2 read select. If a write 
operation is required,this output is ANDed 
with M0 A0 write gate to raise X2 write 
select and with M0 A0 erase gate to raise 
X2 erase select (ILD #10). 



com 



mon coil tap of the four read/write 

involved (CEILD #10). 



Input from 
Write Driver 



/ 



or 



Output to 
Read Amplifier 



< 



Read/Write 
Coils 



f* 




Y Select 




New Write 
Data after 

Tunnel Erase 



Old Data 



Data before 
Tunnel Erase 



X Erase 



Erase Coil 



DISK ROTATION 





15551A 



I 
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Figure 10-5. Read/Write Head Circuit 



Figure 10-6. Magnetic Head-to-Disk Relationship 
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XO Erase 



X 1 Erase 



X3 Erase 




YO Select 



Yl Select 



Y8 Select 



Y9 Select 



Y 10 Select 



Yll Select 



Figure 10-7. Read/ Write Head Matrix 
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Read Selection (01.05.06,1) 
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Write Data (01. 23.01.1) 



XO Read Select 



Mod Select 



a- 




I 56HSA 



Figure 10-8. Read/Wxite Selection (MO AO) 
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SAFETY CIRCUITS 




Prerecorded address associated with each record 

provides a location check before new data is re- 
corded. This check must be made by the file 

control unit. 




Safety circuits indicate error condition if an 

improper condition exists in the write driver, 
write gate, or read/write head areas. 




The voltage (Select) safety (SSAF) circuit dese- 
lects the Y select line to the head if an improper 

voltage level exists that could interfere with 

read or write operations* 




and write driver safety 



indicate 



than one head is selected or if no write driver 

is selected when writing. (CEILD #9) 




Double Y select detection during reading is 

dependent upon FCU read data checking. Read 
data will not be good. 




SMS cards and their functions are described in 
the special circuits section of the system dia- 
grams. 



Write data pulses are supplied from the FCU to 
the selected module and access write trigger (CEILD 

#9). The write trigger "flips" with each pulse. The 

on and off outputs of the write trigger are fed to a 

complimentary emitter follower that has in-phase 
outputs for both the on and off condition of the write 



trigger 



outputs allow the write driver 



duct through one half of the read/write coil to the Y 

select circuit. When the write trigger "flips, " the 
write driver provides a circuit to allow conduction 
through the other half of the read/write coil to the Y 

select circuit. 

Because the core of the write coil is physically 

wider and placed in front of the erase core, a con- 
stant current through the write coil causes a width 

of 0. 008" to be magnetized in a constant direction. 

If there are no flux changes, this width is erased. 

The erase coil following the write coil erases part 

of the write pattern to leave a band that is 0. 005" 
wide. 

Format read data and early and late index pulses 
are transmitted to the processing system during the 
entire time the access and module are selected. This 
data is used to control the timing for the record 
address and the record data. In addition, clock sig- 
nals are also transmitted to the processing system 

whenever a valid module is selected. The clock sig- 
nals are used to synchronize write data with motor 
speed variations. 



WRITE DATA RECORD 




A Write command allows write data to be trans- 
mitted from the system and recorded in the disk 

storage unit. 



READ DATA OPERATION 




Data is transmitted serially by bit and serially 

by character. 




The writing process is under complete control 

of the processing system. 




Verification by the system of the record address 

should be made prior to the initiation of the 

write operation. 



Description 



When the proper head is selected and the write gate 

is established, the write driver and the write and 
erase coils are receptive to data pulses (CEILD #9). 

When the write gate is established, current flows 
through the write coil and causes all previous data 
to be erased even though no write data is transmitted 




A read data command allows read data to be 
transmitted from the desired cylinder -head 

address to the processing system. 




Data is transmitted serially by bit and serially 
by character. 




The reading process is under complete control 

of the processing system and the FCU. 




Verification by the system of the record address 

should be made prior to the initiation of the read 

operation. 




2302 is conditioned to read when a head is se- 
lected and the erase gate is absent. 
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Description 



/ 



* 

When a head is selected to read, the 



gnals into the R/W 



These sig- 



the read am 



ampl itude 



Detection circuitry senses 



the peaks of the amplified head signal 



oltage 



resulting 



fed through a shaper to produce output data bits of 

standard amplitude and duration. 

Format read data and early and late index 

pulses are transmitted to the processing system dur 
ing the entire time the access and module are selec- 
ted. This data is used to control the timing for the 

record address and the record data. In addition, 

clock signals are also transmitted to the proc 

system whenever a valid module is selected, 
clock signals are used to synchronize read data 
with motor speed variations. 



The 



Data Read Amplifier (CEILD #13) 



has two data read amplifier 



One 

and 



the accesses on the rear 



The 



o the amplifiers are gated by module and 
and the outputs are ORed together into a 



single file read data line to the 



The 



amplifier consists of a pre-amplifier, a filter 
entiator, a linear amplifier, an overdriven an 
and a bit detection and shaping circuit (Figure 



Functional descriptions of the special circuit 

Is used in the read amplifier along with wave 



are included in \ 

ystem diagrams 



connect to the 



read X select (SLT) card (01. 80.43. 0). These lines 
carry a double-ended signal of about 10 millivolts, 



minimum of 1 millivolt, peak-to-peak. A 



double-ended signal is a signal taken from ( 

ends of a center tapped coil. The actual re 

processing begins in the SLT pre-amplifier 



gnal 



>< 



gain 



mode 



The ampli- 



gnal 



input lines to go in the same direction (up or down 



mode 



The 



amplifier amplifies only the difference between the 



gnal 



card 



amplification, filtering, and detection of the read 

s ignal . 

The output of the filter is connected to a linear 

amplifier which further amplifies the read signal. 

The output of this card is about 4. 5 volts peak to pea 

The output of the linear amplifier is connected t 

the overdriven amplifier. The overdriven amplifier 
has three stages which produce an overall gain of 

about 80. 

The output of the overdriven amplifier is con- 
nected to the detector card. This card "clips" the 
amplified signal to produce a standard output pulse 



MlAOSel 



R/W 
Matrix 



M0A0 Se I 



R/W 
Matrix 




Filter 

& 
Diff 




Linear 
Amp 




Detector 



G - 




Line 

Driver 



93 C 



oax 



G 




Voltage Levels (Added Diff) 

A - 10 - 15 MV Outside, 3-5 MV inside Track 
B - 30-40 MV Outside, 10-15 MV inside Trad 
C - 300-400 



8 Volts Outside, 2-3 Volts inside Track 
30 Volts Outside, 30 Volts inside Track 



D - 
E - 

F - Y level (0 to -6 volts) 110-150 Nano-sec 



(10m 



1 5689A 



Figme 10-9. Read Amplifier (MO A0/M1 AO) 
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of 110 to 190 nanoseconds for each change in the in- 



^ 



put signal. 



fier. 



Ltput of the detector in the A0 am; 

the output of the detector in the / 

output is sent to the system. 



4. 



Y Selection is made by the Format Selec 
latch (CEILD #11). Mod 1 select turns c 
the latch to select the Mod 1 format head 

Mod select turns off the latch to select 

the Mod format head. 



— v 



WRITE FORMAT OPERATION 




A write format command refers to the operation 
that instructs the file to accept write data from 
the processing system and to write this data on 
the format disk. 




Verification by the system of the position of the 

format head should be made prior to the initia- 
tion of the write format operation. 



Format Write 



Format 



developed as follows: 



input 



in the same manner 



that used in a data write operation. Write 

by store format " flips" the write trigger t< 

complimentary cathode emitter follower (C 
CEF output is available to the format write 
and both format heads. However, onlv the 



The 



format 



and 



current. 




The 2302 has two format write triggers and two 
format write drivers. 



READ FORMAT OPERATION 



Description 



The write gate, erase gate, and write data perform 

the same functions as during a normal write oper- 
ation. The write format operation proceeds in the 
same manner as a write operation except that the 
write current path is from the write driver through 
the reed relay to the format head. The format 

switch and reed relay reduce the possibility of 
accidentally altering the format data (CEILD #11). 

The MO A0 and Ml A0 share a single format 

write trigger and a single format write driver and 

MO Al and Ml Al share a single format write trigger 

and a single format write driver. 

Safety circuits are incorporated to prevent 

writing if the wrong format head is selected or if 
critical voltages fail. 



Circuit Objectives 



Select the MO A0 Format Head for Writing: (CEILD 



#11) 



1 



2 



3 



MO A0 select ANDs with store format to 
develop MO A0 store format. 
MO A0 store format prevents the develop- 
ment of read XI, X2, X3, (X0 may Read), 

or write X select (CEILD #8), It also 

ANDs with Erase gate to develop format 

erase selected. 

Format erase select (this takes the place 

of normal X selection) activates the format 

write driver and the erase coil. Lack of 

format write (erase gate) causes a format 
read. 




A read format command refers to the operation 
that allows format data to be transmitted from 
the selected cylinder to the processing system. 




2302 has two format read amplifiers. 



Format read is a direct result of a not format erase 
condition. The format head is always reading except 
when instructed to write. 

The 2302 has two format read amplifiers. One 
for the two accesses on the front of the machine and 

another for the two accesses on the rear of the 

machine. 

The inputs to the amplifiers are gated by module 

select (Y head selection) and access selection (format 

read select). The outputs of the two amplifiers are 
dot ORed together into a read select). Safety circuits, 
ensure that format read data cannot be gated to the 

7631 File Control unit if the wrong format head is 

selected, and any read operation on any surface is 

blocked. The safety circuits make it impossible to 
read from one format head while the other module 
is selected. 

Simultaneously with read data, format data is 
read from the format disk, amplified by its own 
amplifier, and driven to the FCU to control record 
and address length. 



Format Read Amplifier 



Format Read Amplifier 



Leading par- 



The format read amplifier consists of a pre-amplifier, 

a low pass filter, linear amplifiers, automatic gain 

control (AGC) circuits, and a bit detection and shaping 

circuit. 

Functional descriptions of the special circuit 

cards used in the read amplifier along with wave 
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shapes are included in the component circuits section 

of the system diagrams. 

The input leads from the heads connect to the rea 

preamplifier cards. These lines carry a double-ende 

signal ranging from 16 to 50 millivolts, peak-to-peak 

The double-ended signal is a signal taken from oppo- 
site ends of a center tapped coil. The actual read 

signal processing begins in the pre-amplifier where 

a voltage gain of two is obtained and common mode 

rejection is achieved. The amplifier's resistance to 

a signal (noise) that causes both input lines to go in 

the same direction (up or down together) is called 

common mode r election. The 



amplifier ami 



the difference between the two signal 



levels. 



: load and 

network 



purpose 



dc biasing for the pre-amp. It i 

acting as a low -pass filter. Its 

high frequency noise signals (above 370 kc) that mi 

appear in the output of the pre-amp. 



Ltput of the filter is connected to a variable 



am 



working 



gam 



variable output to effectively set the input signal 



itages at a constant 



the 



variable gain 



in input signal amplitude due to the chang 



from inside to outside tracks, radial misalignment 
or minor inherent differences between heads (see 



AGC 



fixed-gain linear amplifiers receive 



output 



linear am 



two-stage, direct-coupled, differential am; 
The output of the second linear amplifier b 



AGC circuit (CLPA) and 



am 



The 



and shaping circuit (CLPD). The clipper 
a linear amplifier (CLPA) having a gain ( 
emitter follower output stage is designed to match t 
low impedance input and voltage level requirements 



the OR circuit and 



Ltput 



stage provides and ac couple to the AGC detector, and 

a direct couple to the special OR circuit. 

The output of the second linear amplifier is 



circuit 



Led to the input of the clipper diffe: 

The input bias network will clip 

gnal excursions. It also causes a 



small amount of base line clipping on the 



gnal excursions 



differentiator 



gnal. This 



sent to another fixed-gain linear amplif iei 
feeds the over-driven limiter amplifier (C 
two stages of the ODLA are used to shape 
entiated and amplified signal. These stag 
into saturation to produce a pulse with ste 
and trailing edges and a flat crown. This 
pulse is gated through the AND/OR circui 
CLPA output. 



dr 



haped 



?he single shot standardizes pulse width and main 

an accurate timing of the pulse leading edge. The 

t of the sinsde shot is directed to the switching 



panel 



AGC 



Only one format read amplifier is available for each 

pair of accesses. However, there are 250 distinct 
format tracks serviced by each of the accesses. 
Since no two tracks or heads are exactly alike, it is 



varying signal fr< 
3 of the automatic 



uniform 



are driven to the system. This is done by varying the 

gain amplifier (VGA). 



When the 



format AGC Squelch signal 



microseconds. This squelch sets the VGA to maximum 

amplification. This is done because the amplification 

of the VGA can be rapidly decreased by recorded data, 



can 



gnal 



amp 



sent to the VGA where it is amplified. 



gnal 



amplified through two linear amplifiers and 



ami 



jlifier. The clipper amplifier output goes 
to the AGC detector where it is converted to a control 



gnal 



The 



starts 



cycle over again. 



from the VGA through 



amolifiers and AGC detector does not change 



designed 



to follow a trend, 
must assume this 



gnal gets weak 



Obviously , 



extremely 



pulses 



blank 



its amplification to a pom 
the smallest noise, there 



fore, AGC bits are written prior to each re< 
address and each record to re-establish the 

gain on the VGA. 



Circuit Objectives 



MO A0 Format Head for Reading 



(CEILD #11) 



1. A not store format signal condition causes 
format read select to gate the format read 

amplifier. 

2. Format Y selection is accomplished by a 

latch which is turned on bv module on sele 
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and turned off by module zero select. One 

or the other of the format heads is always 

selected in order to maintain the proper 
gain of the amplifier. The format amplifier 
AGC is squelched by a 350 /usee single shot 
at module select time each time the format 
latch changes state. 



Develop Format Read Data (CEILD #11) 



1 



2 



Format data is read from the format disk 

simultaneously with read data* 

The differential signal from the format head 

goes directly to the format amplifier where 

it is amplified and sent to the system. 



This flag address is read by the 2302 every time 

the impaired surface is addressed by the FCU. The 

FCU must interpret this flag address and raise the 

proper flag condition lines (CEILD #14). The flag 

condition lines gate the proper flag head latches to 

allow selection of the desired alternate surface read/ 

write head. The latches are set with the same set 

pulse that sets the access register head portion. 



r 



Circuit Objectives 



For this example, assume there is a flag bit in the 

third bit position of the fifth digit of HA-1. 

This will select Flag head three (F3). 



Develop X2 Head Select. 



ALTERNATE 




(Flag) Surfaces each module has six flag surfaces 
which are available to substitute for impaired 
data disk surfaces. 




If a data track is found to be impaired, the CE 
must "flag" this track. 




flag address is written in modified binary form 



m 



(HA-1) on the defective track 



Flag Surface Addressing 



The CE must determine the flag address and write 



in HA 



address 



coded to indicate the alternate surface 



m 



For example, a 



in this address position indicates alternate sur 



in 



and a 4 -bit in this 



alternate 6. The 8 -bit is no flag. The alternate 

surface must be within the same cylinder as the sur 

face it replaces (same cylinder number 7k 



1 



2 



3 



4 



The impaired surface read head reads, 

amplifies, and drives the flag bits to the 

FCU through the same circuitry used for 

all other read data. 

When the FCU receives the flag bit, the ] 

returns flag condition signals to the 2302 



ANDs with pwr 



adr set to turn 



on the flag 3 latch. The latch 

is reset by not flag condition 3 and pwr ace 

reg head adr set or by access reg head reset. 



head select. 



outputs are ANDed u 

The resulting outputs 
AND circuits to raise 



X select circuits required to select a specific 
head. Flag 3 select and not flag 2 select 

raises X2 select. 



Develop Y10 Select 



1 



2 



The On outputs of the flag latches are ORed 

to raise flag select. 

Flag select ANDs with the outputs of the 
Flag 1 latch to select Y10 or Yll. In this 
example, the Flag 1 latch is off therefore 

Y10 is selected. 
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SECTION 11 INTERMEDIATE LEVEL DIAGRAMS 



The diagrams contained in this Section are for in- 
struction purposes only. They do not necessarily 
reflect the latest engineering level of the 2302. 

Lines on the diagrams in this section that 
are designated by an asterisk are those lines 

that are received from or transmitted to the 

system. 

The outputs of one diagram are often the inputs 



another figure and 



To assist in locat- 



ing these f tie-in" lines, the page-to-page connectors 



( \~!T> ) give the ILD page number of the origin or 

destination of the line, 

AND, OR, Flip Flops (latches) and miscellaneous 

functions have standard abbreviations to designate 

these functions. 

Inverters are shown only where necessary to 



the positive logic format 



diagra 



Figure 11-1 shows example 



symbols and labels 



Time function of block* 




Logic Page Coordinate 

Logic Page Number 



*** 



350 psec 




01.06 



Function Block 



Block 
Function 




A 



- AND 



ID 

TD 

N 



- Single Shot 



OR - OR 

EO - Exclusive OR 

OSC - Oscillator 

SS 

WD - Write Driver 

LA 

AMP - Amplifier 

- Indicator Driver 



- Linear Amplifier 



- Time Delay 

- Inverter 



** 



Used only on OSC, TD, and SS blocks. 



f 




** Blocks that are added only to maintain positive logic do not have 

number or coordinate, 
gic page number is the middle 
f digits of the system diagrams 

agenumber (e.g. 01.06 =: 01.01.06.1) 




• :•[• 



Block Titl< 
Logic Page Coordinate ** 
Logic Page Number 




Turn On 



Turn Off 




Block 
Function 



On Output 





L- Latch 



TB - Trigger Binary 



Connects to Same Label 

on Same Page 







On/Off Input 



Off Output 





TB 



On Output 



Off Output 



Connects to Line on CEILD Shown 
In this Example: To CEILD 2. 



15533A) 



Figure 



Intermediate Level Block Diagram Definiti 



• Ji 



n.i 



Plow Diagram #1 



Motion Logic Flow 




Turn On 
Motion -Count 
Triggers 





. 



Turn On 

Detent 
Trigg 



Pulse Got-to-Go 
Differentiators 




Drop Ready, 
To Step Motion 

Counter 



Turn Off 

Motion-Count 
Triggers 




Turn Off 

Detent 
Trigger 



Pull Detent 




(T 



E 



Set 

Access Ready 




Reset 

Motion 
Counter 



ii 



i-# 



| 1SSS3| 
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Flow Diagram # 2 ( Part 1 ) 



Rezero Logic Flow 



Invalid 
Address 




File Not 

Ready Rezero 



n 



CE Reset 

Rezero 



Ace Req 250 and 
Inner CE Cylinder 
Switched Not Closed 



E 



Reset Access 

Register 
Cyl Portion 



E 




Step Motion 
Counter 

Long CT/ 1 , 

Drive [3_ 



Turn Off 16 
CT Trigger 




Set Inop 



e 



Access Door 
Cover Open 





Set Rezero 
Latch 



E 




Turn Off 
Detent 

Trigger 



E 




Move Actuator 

to Outer Crash 
Stop 




Close Outer 
Limit Switch 



Reset Motion 
Counter 




1 



Turn On 
Detent Delay 
Trigger 



Inner CE Cylinder 
Switch Closed and 
Not Ace Req = 250 



E 





Pick Rezero 

Solenoid 





y 



Reset 

Motion Counter 



E 



Yes 




Step Motion 
Counter Short 

CT/Drive 



[I 




Outer Limit 

Switch 

Closed? 



Count 60 




Set Access 
Inop Latch 





15554 
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Flow Diagram # 2 ( Part 2 ) 



Re zero Logic Flow 




End Rezero 
Count 




End of Seek 



E 



Attention 
Status 





E 



I 
I 

L 



n 

Pwr Ace Req I 
C/i Adr Set ■ 

From System 





I 
I 




Block Motion 
Counter 

Advance 



E 



t 



Reset Motion 
Counter 




Drop End 

Rezero Count 





Turn On 
Detent Tri 



er 




N 



Set Access 
(nop Latch 



Advance 
Motion Counter 






Yes 



Turn Off 

Detent 
Delay Tgr 




Access 

Ready 




Hold Motion 

Counter 

Reset at r— l 

0000 I 3 



1SSS5 



U.4 



Flow Diagram # 3 



Read /Write Head Selection 



System 

Head 
Select 






System 
ModO 
Select 



System 
Ace 0* 
Select 




System 
Store 

Format 



System 

Erase 

Gate 



System 

Write 

Gate 



01.06.03.1 



Not Flag 
Select 




01.06.01.1 



ModO 

Ace 
Head Select 



01.06.01.1 




01.06.03.1 



Condition 
Head 

Select 





01.06.06.1 
01.06.07.1 



01.06.08.1 




Y Head Select 



Read X Select 



Erase X Select 



01.06.09.1 



01.05.05.1 



Y Select 





Write X Select 



01.06.09.1 



Rea4/Writ 
Heads 



01.05.01.1 
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CEILD#1 



Access Register Controls 



f 



CE 

Wr Gate 



*M0 Select 
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Got-To-Go Controls 



CEBLD#2 



D3 B4 



D3 B8 



D2 Bl 



D2 B2 




D2B4 




06 JO 




2 Count 
9 Cond LE 





10 Piston 
Delay 

01. 06.10.1 



06.10 



Power Detent In 



Dl B2 



DIFF 



Dl B4 



Dl B8 



, 2, 4, 4+, 10, Got to Go 





06.10 I 



*I0, 40+, 40++ 
100 Got to Go 



(See Note 1) 




Not 12 Count Tgr 




28 Ct Tgr 



28 Count 



Not 28 Count Tgr 



01. 06.12.1 




Not File Ready 



Glob Got To Go 



(To Detent Control) 



D2 B8 



Dl Bl 



Re zero 



DIFF 



20, 40 Got to Go 



16 Count 



16 Count 



01. 06. 12.1 



16 Count Tgr 

(To Detent Control) 



Not 16 Count Tgr 



(To Detent ControH 



Note: 1 Conditioned 10 not 20, 40 Glob 




\ 
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CEILD#3 



Motion Counter Control and Drive 



* -f. 



Early Index 



Not Outer CE Cylinder 

16 Count Tgr On 



Detent Tgr Off 



Rezero 



Oil Temp Normal 




OSC Gate 




TB 
Alternate 

Revolution 
2J 

01.06. 14. 1 



Alternate Revolution 



OSC 
2A 



06.11 



Ctr Drive 



Not CE Set Rezero 




Long Count 



Long Count Drive 





Motion 
Counter 

and 
Decoder 



0I.06.IU 



1 Count 

2 Count 



9 Cond L eading Edge 
12 Count 



16 Count 



28 Count 



56 Count 



60 Count 



Motion Counter Reset 



E> 



Rezero 




Access Read 



I 




ten Reset Rezero 



Solenoid Pwr Not Ready 



Power Detent In 



Rezero Limit Sw 




2 to 6.2 ms 




OSC Gate 
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Detent 




1 



CEILD#4 



Power Detent In 



9 Cond LE 




Detent Tgr On 



GlobDelayCt Latch Off 



or On and 2 Count 



Detent Delay 



0I.06J2.I 



Arrival Failure 



06.12 



Not Access Ready 



Rack on Actuator 





Detent Safety 



(Motion < IO M /sec) 



Ctr Drive 




Not 16 Ct Tgr 



Not 28 Ct Tgr 



Not Rezero 



Not Detent In 



E> 



Glob Got to Go 



E> 



28 Count 



/-- 




Not 28 C t Tgr 



Not Rezero 



Not 12 Ct Tgr 



Power Detent In 



Detent Tgr On 



Access Read 

(To Attention Status) 



Cover Off Drive Detent 



2 Count 
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CEILD#5 



Attention Status 



Not M0A0A 



Pwr Ace Reg Cyl Add Set 




id of Seek 



VJ/ M0A0 Select 



06.13.3 



Not File Ready 



L 

Attention 
Status 

4C,4D 
01.06.13.3 



i_ 






M0A0 Ace Reg Cyl Add Set 



CE Set 



E> 



End Rezero Count 

Access Ready 



[i> 



60 Count 



CE Remote Mode (Seek Repeat) 





End of Seek 



A 
5E 

106.13.3 



Mod O Ace O Attn Status * 




Not Cond 



Addr Set 



E> 
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Rezexo Control 



COLD #6 



s 



E> 



Not Cond Add Set 



Access Ready 



Not Inner CE Cyl 



Cylinder 250 




A 

3A 

3B 

06.13.1 




Inner CE Cyl 



Access Ready 



E> 



Not Access Cover Safe 



CE Set Rezero 



File Not Ready Rezero 



56 Count 



Not Access Ready 



D3B4 




Arrival Failure 



Ace Reg D3 B8 (2) 

Ace Reg D2 B2 (4+) 


1 ° \ 
5A 

06.05 


Ace Reg D2 Bl (4) 






Cylinder 250 



4 Count 



Not Long Count 

CE Reset 



A 

4D 
06.14 



CE Reset Rezero 



Rezero 



Outer CE Cyl 



Rezero Limit SW 




56 Count 



NotMOAOAcc Inop 




End Rezero Count 



Not Cond Add Set 



A 

3C 
3D 






06.13.1 



Sol Pow 



Present 



A 



4E 



106.13.1 



Invalid Address 







Rezero 



01.06. 13.1 



^ 




Sys Reset Rezero 




A 

3H 
06.13.1 




SD 

Rezero 
3F 

05.04 




Reze ro 



O 

6G,6H 
06.13.1 
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COLD #7 



Access Inop 



Not MOAO loop 



Motion Ctr 4 



Motion Ctr 56 




Motion Ctr Rst 



Set Ace Inop 



MOAO Select 




L 

60 Count 
4J 5J 

0I.06.IIJ 



Not Access Cover Safe f 



Not File Ready 
MOAO Ace Inop 




Not Heads Loaded Switch MOAO 



Head Load Check (Timer 1-7) 



Not Ace Retracted Switch 



Ace. Retracted Check (Timer T-6) 



A 



L 

Ace Inop 
Hold 

2C, 3C, 3B 
01. 06.01. 1 




CE Set Ace MOAO Inop Switch 




01. 50.11.0 
Pick 



R-19 



(Start 
Sequence 

Lockup) 




R47-4 




-48v 
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Read/Write Gating (Head 22) 



CEILD#8 



Pwr Det In 



t • 



Select 



Module O Select 



Access O Select 



Read Safety 



Not Writ e Safety 

Ace Inoi 



CE MO (Se lect) 

Early Index 




01.07 



01.07 



Cond Hd Sel 



Access Register 



• • 



Portion) 



01.06.06.1 
01.06.07.1 



Not D4 B8 



Not D3 Bl 



D3B2 



CE Write Gate 





M0A0 HdSel 




M0 CE 
Head Select 

4B 4C 
01. 01. 07.1 



M0A0 Erase Gate 



Not Store Format 




Y2 Hd Sel 



I 06.08 



>t M0 A0 Store Form 



Cond Hd Se I 



F3 or F4 



06.09 



Not Flag Select 




05.05 



06.03 



Cond Hd Sel 





Not M0A0 Erase Gate 



X2 Select 



M0A0 Write Gate 



Supplies current 
on erase Operations 
Zero voltage 

potential only 

on read operation. 



Y SEL 



05.05 



Y2 Select 



Ljo> 



06.09 



X2 RdSe! 




X2 Wr Sel 




M0A0 Erase Gate 



05.07 



X2 Erase Sel 
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CEBLD#9 



Read/Write Safety 



X2 RdSel 



AO Write Data 



X2 Wr Sel 



XO Write Selected 



Write Selected 



Fmt Write Selected 





X 2 Write Selected 



Fmt Erase Selected 



XO Erase Selected 



Erase Selected 



X2 Erase Selected 



X3 Erase Selected 



X3 Write Selected 




One 




3F 3G 
05,08 




23.01 




RXS 
SLT 



u_ 



M X 

Select | T 



To Read Amp I 



Ml Write Safety 



Ml Select 




MO Write Safety 



MO Select 




MO Read Safety 



Ml Read Safety 
Ml Select 



Output 
On Write; 



On Read 




Write Safety 



1 




* Read Safety 



Write Gate 



Erase Gate 



Read Safety 



Write Safety 




_T 




-h 



w 




> 




j^ — I0 |jsec Max 



tt 



I 
I 



I 

I 
I 



I 
I 




I 
I 



I 





I 
I 



40 psec ± 2 psec 




lOysec Max. 




I 



M — 16 psec Max 
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Head Selection (Head 22) 



CEILD#10 



y 



E> 



Y 2 Select 



01.05.01.0 



) 







See System Diagrams 
Page 01.00.04.0 for 
Complete R/W Head 
Matrix. 
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CEILD #1 1 



Format Read/Write Control 



M1A0 Select 

MOAO Se lect 





AO Sel 



* Store Format 



* Erase Gate 




Block Fmt YO 




Fmt Sw. 




Off 
Block Fmt Y 1 




Format Read Select 



A 
4D 




Fmt Erase Selected 



05.07 



MOAO Select 

Store Format 



*Store Format 



*Write Data 



A 

5D 
01.02 



AO Fmt Write Data 




TB 

Format Write 
3B 

01.05.07.1 



Format Write Selected 




FmtWr A 



Fmt Wr B 



*Store Format 




Fmt Erase 



Mod 1 Select 


L 

Format Select 1 
3D, 3E I 

01.01. 06.1 | 


Ml FmtYl Select 




Mod Select 


M0 Fmt Y0 Select 










1 A 1 






Mod 1 Select 3A \~~\ 
1 1 0I ' 06 I 1 1 






1 ° 

4A ■ 




1 A 1 1 


01.06 




Mod Select 4B 

1 01.06 | 






File Fmt Rd Data From B Gate 



A 
3F 

06.02 




CEF 
4B 

05.07 




MOAO Store Fmt 




Fmt Write A 



Fmt Write B 



W D 



5B 
05.07 




Fmt Rd Sel 



350 }isec 



Format Squelch 



A0 Raw Fmt Read 



Correct Fmt Selected 



Access Selected 



File Format Read Data 





c 
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Format Read Amplifier 



CEIT.D #12 




^ 



Format Read Select 



Format 

Write 

Connections 




LPF 

5B 

05.09 




VGA 

5D 

05.09 





AO Raw Fmt Read 




S* 



S 



1 
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CEILD #13 



Data Read Amplifier 



M 1 Read Data A 



Ml Read Data B 



FD 



MO Read Data A 

MO Read Data B 



3F 



05.06 




Access O Selected 



Not Erase Gate 



Access 1 Selected 



Al Read Data 




O 

5F 
01.02 



05.06 




AO Read Data 



File Read Data * 
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Address 



•it 
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7.14 



Alternate surfaces, 10. 10 
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Automatic 



7.5 



CE latch and light, 8. 2 



remote control 
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CE 



8.1 
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